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PREFACE 

Hitherto, the authors of works deah'ng with the sea-shore 
have confined themselves almost entirely to describing and 
classifying the different forms of life occurring between tide- 
marks. The main idea underiying the present work, on the 
other hand, is to treat the plants and animals inhabiting the 
sea-shore from the ecological standpoint : to' show, that is, 
how they interact and, in particular, to demonstrate the 
influence of the environment upon their structure, functions, 
habits and general reactions. A knowledge of the external 
appearance and chief structural features of the commoner 
species is taken for granted, and the book is addressed more 
particularly to the serious student of biology. But while, 
on the one hand, no attempt has been made to shun 
technicalities, on the other, care has been exercised that 
they should not be multiplied unnecessarily. Consequently, 
there should be nothing in the mode of treatment of the 
work which unfits it for use by the general reader. 

The value of the sea-shore as a btolc^ical training ground 
in general, and as a field for ecological study in particular, 
is generally recognised. With the exception of the shallow 
sea, no other area on the globe is so rich in numbers and 
variety of animal species. The fact that the sea-shore is one 
of the oldest haunts of life makes it particulariy valuable for 
the study of evolutionary processes. Existence on the sea- 
shore implies the solution of a number of exceptionally 
interesting problems ; in particular, the rhythmical and other 
allied factors influencing shore organisms are of a nature 
viiuch is unparalleled elsewhere. Finally, the different 
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types of sea-shore themselves afford scope for all kinds of 
interesting faunistic and eco1<^cal contrasts. 

While the ecolc^ical aspect of the sea-shore has attracted 
a great number of research workers, from the point of view 
of teaching it would not seem to have received an equivalent 
amount of attention. It cannot be doubted that if a student 
confines himself, when on the sea-shore, purely to collecting 
and labelling species he is not obtaining a tithe of the benefit 
that his visit is capable of affording him. Consequently in 
planning this work, one of our chief ambitions has been to 
stimulate a wider interest on the part of the student by 
depicting for him something of the wonderfully vigorous and 
many-sided nature of the struggle for existence between 
tide>marks, and by drawing his attention to some of the 
innumerable problems connected with shore animals which 
still await investigation. 

We have had no wish to treat our subject exhaustively. 
For the most part we have confined ourselves to those 
British species with which we have first-hand acquaintance. 
To have foregone, however, all mention of foreign and, in 
particular, of trc^ical forms, would be to have excluded 
phenomena of the very greatest interest to our theme. It 
frequently happens, for instance, that a habit or an associa- 
tion wbidi is only slightly developed on our own shores has 
been brought to a high d^ree of specialisation elsewhere, 
especially in warmer seas. Consequently, we have not 
hesitated to give cases of this kind as lai^e a measure of our 
attention as ^lace allowed For analogous reasons, while 
our main concern b with species occurring between tide- 
marks, we have not infrequently extended our survey to 
include forms which more properly belong to the waters 
beyond the Laminarian zone. 

In preparing this account of the life of a marine area we 
have been deeply conscious of our debt to the many 
naturalists «*ose ridi discoveries have been so freely at our 
disposal. As far as has been in our power we have re- 
sponded to this obligation by the care we have given to the 
citation of appropriate authorities in the text In our list of 
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authorities the names of ProC W. C. M'Intosh — the " doyen " 
of British faunists — and of Prof. W. A. Herdman recur with 
particular frequency, and we venture, in consequent;, to take 
the opportunity of offering to these veteran workers in the 
domain of marine biolc^ a special tribute of admiration and 
respect 

We have also great pleasure in expressing our deep 
gratitude to Prof. J. Arthur Thomson, who has not only 
pta^d his profound knowledge of biology unreservedly at 
our disposal but has helped us in every conceivable way. 
His kindly criticism has saved us from many blunders and 
his unfailing courtesy and encouragement to one of us when 
associated with him as his assistant are among our hap- 
piest recollections. Dr. Wemyss Fulton and Dr. H. C. 
Williamson, by placing the library and laboratory at Nigg 
at our disposal, gave us valuable assistance. The visit of 
one of us to the Marine Biolc^cal Station at Millport was 
made especially pleasant and profitable by the kindness 
of the Superintendent, Mr. R. Elmhirst, who, in addition, 
gave us much help in preparing the survey of Balloch Bay 
which appears in the Appendix. 

With regard to illustrations, we are indebted to Messrs. 
Macmillan for the loan of the fine block illustrating variation 
in Purpura lapillus ; to Prof. J. F. Gemmill and the Council 
of the Royal Society for the illustration of the mode of 
locomotion of the sea-urchin ; to Mr. L. A. Borradaile and 
the Syndics of the Cambridge University Press for the 
drawii^ of Melia lessellata; to Prof. A. Meek and Messrs. 
Arnold for the drawing of a stickleback's nest; to Dr. W. 
Collinge and the editor of "Nature" for the diagram 
dealing with the food of the black-headed gull ; to Messrs. 
Pac^ett, Leigh-on-Sea, for the illustrations of the cockle 
industry. Prof. James Johnstone kindly tent us the [dioto- 
graphs of pelagic forms reproduced on Plate III and of the 
crab larvx on Plate XIV ; and Mr. B. Storrow those of 
timber bored by Teredo and Xylopkaga. Mr. Storrow also 
lent us the illustration of the starfish Solasttr endeca in the 
act of spawning. Dr. Macgregor Skene kindly undertook 
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to photc^^imph for us the zoning of algae reproduced on 
Plate VlII ; and Mr. E. L. Gill, the curator of the Hancock 
Museum, NewcastlcHin-Tyne, rendered us a similar service 
in connection with a fine specimen of a sea-lil/ in the 
collection under his chaige. We are espedally indd>ted to 
Mr. G. P. Duffus of the Natural History Department, 
Marischal College, University of Aberdeen, for much 
assistance with the work of phob^raphy in general. The 
source of one or two borrowed line-drawings is acknowledged 
in the text. Figures 5-9, 17, 18, 20 and 21 were drawn by 
Miss Mary Mackenzie, while Nos. 14 and 15 are the work 
of Miss Alice Davidson. 

In conclusion, we have great pleasure in thanking the 
publishers, Messrs. Sidgwick and Jackson, for the courtesy 
with which they have listened to our suggestions and the 
pains they have taken to give them effect 
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INTRODUCTION 

By Prof. J. ARTHUR THOMSON, M.A., LL.D. 

It U little wonder that much has heen written about the 
aniinitia of the sca-shore. For it is perhaps the most 
interesting of all the great haunts of life. As the authors 
of this book make clear, the sea-shore is astonishingly 
varied in difFerent places and very diverse even at one place, 
if its " zones " are well marked. It is likewise very ctiati^- 
ful throughout the day and throughout the year. One 
might almost say that vicissitudes are the rule on the shore. 
It is not a place for easy-going animals unless they have 
q>ecial adaptations. For there are dangers in the force of . 
die waves, in ccposure at low tides, in floods of fresh water, 
m clouds of driven sand, and in vast accumulations of 
jetsam seaweed which tead to smother everything. To 
discover how the shore animals meet these difficulties is 
a fndnatiag stwfy, and this book by Messrs. Flattely and 
Walton is the best guide we know. It is written out of 
a rich experience, extended by a scholarly acquaintance 
with the literature of the subject. There are many good 
books dealing with the shore, but what is distinctive about 
this one is the biological note. It seeks to illustrate the 
deeper problems and to test the principles of biology by 
concrete reference to the fauna and flora of the sea-shore. 

Given a diversified, changeful, difficult haunt, densely 

peopled by a representative fauna, there must be a keen 

I atrug^e for existence and a ceaseless sifting. Given a very 

■timulatii^; environment, as the shore is par excellence, 
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xvi INTRODUCTION 

there will be opportunity to test all the variations which 
organisms are ever venturing. It may be, indeed, that the 
stimulating character of the littoral conditions has been in 
itself, through the ages, provocatiTe of those new departures 
which form the raw materials of evolution. 

In any case the result has been multitudinous adapta- 
tion. What varieQr of armour and of weapons, what 
arrangements for securing the food which tends to slip past, 
what diversity in breathing, how many difiierent ways of 
holding on and withstanding shock 1 The book is a 
treasury for the student of fitnesses. 

And bewdes those modes of " stru^le " which secure 
self-preservation in the widest sense, there are those which 
secure the welfare of the o&pring. Of '* love " as of 
" hunger " the shore affords many a fine illustration, and 
here again the authors' work shows true perspective. 

Whether the earliest living creatures tenanted the shore 
or the open sea, remains uncertain, but there can be no 
doubt that most of the great stocks of animals have passed 
through the discipline of the littoral life, and this is perhaps 
the crowning interest — to try to trace the oi^^anic grip 
that such influences as the tides have taken of the constitu- 
tion of the great races — ^how even in man himself there are 
as it were reminiscences of the school of the shore. 

The principles of biology can be studied in many 
different ways. There are anatomical, physiological, syste- 
matic, and other approaches — all with their merits. But this 
book opens up another way — the study of a haunt and its 
inhabitants, and the authors have been successful in 
showing that this way is one that rewards. 
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THE BIOLOGY OF THE 
SEA-SHORE 

CHAPTER I 

Animal Assocutions and their Characteristics 

It is the purpose of this book to study the animals, and to 
sooie extent the plants, of a certain well-defined area — the 
sea-shore — in relation to their physical environment and 
to one another. In other words, we are to deal with the 
plants and animals of the sea-shore not as isolated imits, 
but as an association. The study of animal associations 
forms part of a wider subject now usually known as ecology 
(Greek oIkos, a house), a term proposed by Haeckel to 
cover the relations of the animal to both its organic and 
inorganic environment, particularly its relations, whether 
friendly or hostile, to those animals or plants with which 
it comes into contact. Another term covering more or 
less the same ground is " bionomics " ; it is gradually 
passing out of use. Inasmuch as ecology is concerned 
strictly with the living organism and its responses to 
the environment, it may be said to coincide more or less 
completely with wlut we understand by biology when this 
term is used, as it so frequently is, to lay emphasis on the 
living as distinguished from the purely morphological aspect 
of the organism. It is in this sense that we employ the title 
" The Biology of the Sea-shore." 

As a branch of zoological study, animal ecology, though 
it has only recently b^^un to attract attention, is undergoing 
rapid development, particularly at the hands of American 
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naturalists. In addition to defining the limits of the study 
and its relation to other branches of zoology, ecologists are 
chiefly concerned in unravelling and reducing to order the 
multitudinous factors composing the enviromnent, and in 
estimating their relative importance. One of the chief 
features of the progress of the study of ecology is the ft'aming 
of a special nomenclature ; but valuable as many of the 
new terms are, we intend to employ them as littie as possible, 
more particularly as there is not yet complete agreement as 
to their equivalence. 

According to Adams (1913) the study of ecology may be 
approached from three d^nct points of view, which are 
" superficially so distinct that students of one branch may 
be almost unaware of the existence of the co-ordinate 
branches and may not realise that each is part of the larger 
imit." The first is that of individual ecology. In this case, 
investigation is focussed upon a particular animal which is 
studied in all its manifold relations to its environment, 
animate and inanimate. Not s few such studies have 
already been attempted ; they vary, of course, greatly in 
degree of completeness (in many cases observations might 
well extend over a lifetime and be still incomplete). As 
an ^[ample we may quote Darwin's study of the habits of 
earthworms, written before the term ecology had been 
invented. Many of Fabre's studies come under this heading 
also. The tendency of the present-day ecologist, as com- 
pared with a naturaUst such as Fabre, is to pay an increasing 
amount of attention to the physical environment and to 
analyse behaviour in terms of factors such as light, pressure 
and contact, temperature, water, gravity, etc. 

A second point of view is that of aggregate ecology. 
Here, instead of attention being directed towards a particular 
individual, the study centres upon a imit group or aggregate 
composed of a number of animals either generically related 
or Uviitg as a family group. In this way, says Adams, 
it is possible to speak of the ecology of birds, <kagon-flies, 
the genus Bombus, a tuve of bees, or a colony of ants. To 
use Adams' phrase, it is " the hereditary or taxonomic unit 
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frfiich is here the hub of the microcosm." This is the 
study of aggi^pte ecology. A third branch of ecology is 
that which deaJs with the inter-relations of animals occurring 
together in the same habitat and regarded as a unit quite 
apart from any question of hereditary or taxonomic relation- 
ship among die a)mponent members. Every grouping of 
this kind, in spite of the complexity consequent on the 
innumerable reciprocal activities of the anin^ within it 
and their responses to the environment, will be found on 
analysis to have a constitution which is specific and which 
differentiates it from other groupings. The study of such 
a grouping is the business of aasodational ecology. It is 
fau^ety with this aspect of ecology that the present work 
is to deal. 

Animal Aswdatlong. — Dwelling on the earth are a 
vast nimiber of plant and animal forms which vary greatly 
as to their relative abundance and distribution. Some 
have a wide range ; some are restricted to more or less 
limited areaa, others again are rare. Each of these forms 
has a relationship to the other forms among which it dwells 
and with which it is associated, hence it is that those forms 
which live together habitually have come to be termed an 
association. 

Any group of forms normally occupying the same 
environment may be r^arded as an association, and it is 
usual to name the association after the most obvious feature 
of that envinmment, e.g. the association of the tidal zone. 
The fact of a number of unreUted animals occurring together 
in the same habitat implies considerable equivalence of 
form, function, and habit. The word equivalence is used 
in contrast to identic, for tbot^h the problems presented 
by the environment may be identical, the means by which 
they are solved often vary markedly. The working out of 
these analogies and contrasts forma one of the most interest- 
ing portions of our study. 

According to Shelford (1915) animals select their environ- 
ments by one of three methods : (i) by the wide dispersal 
of the reproductive elements and sdective survival, (2) by 
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4 THE BIOLOGY OF THE SEA-SHORE 

turning back on meeting with unfovourable conditions, 
(3) by selection after trial in connection with migration. 
It is because of physiological similarity that numbers of 
animals select the same environment. Thus agreement 
In behaviour and physiology among the members of an 
animal community is to be expected, just as there is 
growth and form agreement in plant communities. 

What are the chief factors controUing the distributioo 
of plant and animal life ? In the first place we have 
the physical factors as exemplified by the three primary 
habitats : air, land, and vrater. If animals are considered 
in their relation to these three great environments, it 
will be seen that although air is essential to life, yet 
animals are never purely dwellers therein. A great many 
animals are essentially restricted to a land life, requiring 
air to breathe and a more or less soUd substratum for 
their activities, while others are equally restricted to 
the fluid medium, either vrith or wiUiout a substratum. 
There are some that can utilise all three media to some 
extent, as in the case of some birds which can fly, walk, and 
dive. To go somewhat further, we find many animal forms 
restricted to particular well-defined types of physical con- 
ditions and unable to live normally, or at all, b^ond their 
influence. We can thus distinguish animals peculiar to 
warm, temperate, and cold waters or climates, to wet or dry 
regions, to light or dark situations, to deep or shallow waters, 
to lowlands or mountains, to swift or stagnant waters, and 
so forth. With regard to aquatic communities, an interest- 
ing experimental study of the behaviour agreement among 
the members of communities has been made by Shelford 
{op. cit.). For the purpose of contrast the societies of rapids 
and of pools of a stream were chosen, and their reactions 
to various stimuli tested in the laboratory. The behanour 
in relation to light, currents, etc., was found to correspond 
strikingly with the conditions under which the animals 
lived. Another fundamental factor governing the occur- 
rence of animals is that of food. Many animals are wholly 
vegetarian, and hence their distribution is bound up with 
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that of the host plaota which, in turn, are subject to physical 
controls. Other animals have become carnivorous, and 
by virtue of this habit have escaped from the fettering control 
of a host plant, but must pursue or search out their prey, 
or perish. 

A still closer relationship is that between host and 
parasite. While many parasites are more or less adaptable 
and may even exist for a time as i^ee-living forms (facultative 
parasites), others again are associated entirely with a particular 
species of host (obligate parasites), the dependence of the 
parasite thus being extreme. Special devices, such as a 
complex life-history or enormous fertility, are then necessary 
to maintain the relationship unbroken. Most intimate 
association of all, however, is that known as symbiosis. 
This is a partnership for mutual benefit between an animal 
and a simple chlorophyll-bearing plant, or between two 
plants (fungus and alga). A typical shore example of such 
an association is that between tiie Planarian worm Convoluta 
roscoffensis and a green flagellate alga, in which the worm 
feeds on the reserve material manu&ctured by the plant, 
and the latter has the advantage of a plentiful supply of 
nitrogenous material and carbon dioxide. 

A somewhat analogous association for mutual benefit is 
that known as Commensalism. The partnership here is 
not nearly so dose, being simply one of habit, and though 
of very frequent occurrence is not essential to the forms 
concerned. A femiliar example of thia is afforded by the 
hermit crab Pagurus prideauxH and the sea anemone 
Adamtia palliata, the latter helping to conceal the crab 
and profiting by the food morsels it drops. 

We thus see that the inter- dependence between plant 
and animal and among animals ^emselves is frequently 
very close. But when we add to this the influence of the 
environment in favouring the survival of forms specially 
adapted to it, it becomes evident that in any well-defined 
area certain forms suited to that area, or with life- 
relationships to one another, will be found to occtir together 
forming communities or assodattons. Plant associations, 
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being tiBually the better defined and more coherent, have 
generally a marked influence in determining and modifying 
the animal associations occurring mth, and to a large extent 
depending on, them. Thus it is that many of the large 
animal communities are named after the plant assodatioa 
mth which they occur, since although the nature of the plants 
depends upon physical conditions, it is the plants (or their 
absence) which gives the characteristic appearance to a 
region. We speak in consequence of the fauna of the tropical 
or coniferous forest, of the Savana, prairie or desert, each 
of which has its distinctive features. A study, however, 
in order to be assodational need not deal with such a wide 
area ; in fact, the smaller the area under study the greater 
probably the amount of ecological agreement. The possible 
subdivisions of any wide natural area are very numerous, 
and we may speak with perfect accuracy of the association of 
a cockle or mussel bed, of a rubbish-heap, or of a rock pool. 
Any particular association contains forms which, in 
course of time, have become more or less inter-dependent. 
Many of the animals, as we have seen, depend entirely upon 
the plants present ; others prey upon these vegetarians or 
upon other carnivorous forms, so that a balance is estab- 
lished which is only altered by some change in the environ- 
ment, or by the introductton of some fresh factor or form. 
This balance ia relative, not fixed, the centre of gravity 
swinging to and fro within varying limits. From time to 
time some local catastrophe, such, for instance, as a river 
shifting its course, or a volcano suddenly becoming active, 
will destroy the old order, and a new balance will slowly 
be established in its place. Man, particularly, is a disturbing 
agent and may himself become involved in the confusion 
resulting from his action. The mongoose in Jamaica, the 
English sparrow in America, and the rabbit in Australia are 
striking ^camples of the overturning of the local balance of 
nature by the sudden introduction of a completely new 
factor. 

In considering the many different haunts of life as a whole 
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II. — Typical Shore Forms. 
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we recognise three factors which have a most profound 
effect upon the plant and animal organism. These are : 
(i) the medium which surrounds the organism, either air 
or water. This determines the method of breathing, and 
with few exceptions prohibits the passage of the inhabi- 
tants from one medium to another ; (2) the presence or 
absence of light acting either directly (e^. effects on 
pigmentation, sight, etc.), or indirectly through plant 
life ; (3) the presence or absence of a substratum (Lull, 
1917). 

The above factors enable us at once to distinguish at 
least three main types of habitat : terrestrial, aquatic, and 
aerial, as we have already noticed. Even these divisions 
are not precise ; no animala are purely aerial and many, 
as we know, are amphibious. Let us make a cursory 
examination of each of these three habitats in turn , 

The Teneftrial Habitat. — This may be said to extend 
from high-water mark to the summits of the highest moun- 
tains. Many subdivisions are possible, but we will take 
only the most obvious. Though the forms which live on 
the surface are most familiar to us, yet a great animal populace 
is to be found inhabiting the upper layers of the soil in 
more or less complete darkness. We thus have two great 
sub-realms : the phanerozoic and cryptozoic (see Wille^, 
1911). A good illustration of a cryptozoic fauna may be 
fotmd in the inhabitants of subterranean caves, which are 
distinguished by such features as loss of pigmentation, 
reduction of eyes, modification of the digestive organs, 
attenuation of body form, and reduction of the appendages. 
Owing to the absence of li^t, cave faimas present interesting 
analogies with those of the marine abysses, e^. modification 
of the visual organs, simplified colours, etc. Taking our 
classification somewhat further, other well-marked habitats 
which we are able to itijHi"g"Wh are those of mountain, 
steppe, forest, prairie, etc. 

The Aerial Habitat.— A suitable ecological subdivision 
of this habitat is not very obvious. It is the atmosphere 
above land surfaces which is most utilised. Relatively 
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few birds venture far from land, and insects, so important 
a part of the aerial isanz above a land surface, with few 
exceptions, do not venture beyond tide-marks. Among 
the exceptions must be noted the group of insects known as . 
the Halobatidse. Further, swarms of migrating insects, 
such as locusts and butterflies, may be blown out to sea by 
gales and, with the help of the wind, may cross many miles 
of intervening sea. It is in this way that many insect forms 
have been distributed, and that foreign stragglers continue 
to reach our shores. The occurrence of these forms, 
however, above the open sea is obviously quite fortuitous. 
The flying-fishes, by taking a strong leap and using their 
pectoral fins as parachutes, are able to sustain themselves 
for short periods above the surface of the ocean. His- 
torical^, the aerial habitat was the last to be invaded 
by animals. 

The Aqoatlc Habitat. — This we can at once divide into 
a fresh-water and a marine habitat, the latter containing 
an enormously greater number of forms. Fresh-water 
faunas are distinguished by th«r imlformity. Thus, while - 
the population of a fresh-water lake may be very dense, 
the number of species is relatively small and the number 
of types still smaller. In considering the conditions of life 
in fresh water we are able to distinguish forms liiring in 
pools and in ninnii^ water, and another subdivision might 
be made into littoral, surface, and deep-water forms. Lull 
(he. cit,), however, remarks that although in a measure the 
deep-sea characteristics of darkness and great presstu'e 
occur in certain lakes and relict seas, yet no profoimd modi- 
fications of form occur comparable with those seen in the 
anifnals of the marine abysses. The reason for this, Lull 
thinks, is to be found in the comparatively evanescent 
character of lakes from the geol(^cal point of view. 

Of all abodes of life the marine habitat is biologically the 
most important. The foumt is not only remarkable for its 
numbers, but still more for its extraordinary diveruty. 
We may recognise the four following divisions : (i) Strand 
or Tidal Zone, (2) Shallow sea, (3) Pelagic, (4) Abyssal, 
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I.— Typical Pelagic Forms : Ctenophobbs. 



H.—Typicai. Pelagic Forms : Newly Hatched Shrimps (Crangon vulgaris). 
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their inter-relatiooships being as represented in the accom- 
panjring diagram: 



N 

Fra. I. — Marine zones (after Lull). 
Strand or Tidal Zone. — This area, to the study of which 
the present book is devoted, is the narrow strip of territory 
between the high and low water-mark of spring tides. It 
is remarkable for its situation at the junction of sea and land, 
a region of unceasing activity and of extraordinarily fluctuat- 
ing conditions. Among other characters which distinguish 
it are the presence of a substratum, abundance of light and 
of aeration. Plant life (in the form of algse) is frequently 
very important on the shore and presents a certain analogy 
with land conditions in contrast to the purely marine con- 
ditions existing beyond the littoral zone, where plant life 
gradually dies out as the depth of vrater increases. Fresh- 
water drainage from the land frequently has considerable 
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effect on the fauna and flora, the liability to incursions 
by birds and animals during low water, and the free- 
swimming and floating life of the sea coming and going at 
evCTy tide, have all their influence upon the plants and animals 
of the sea-shore. Finally, the shore area has strong claims 
to be recognised as the birthplace of life and, says Thomson 
, (1919), ve may regard it as the great school wherein were 
learnt many of the primary lessons of life. 

ShaUoto Sea. — This is the zone extending from the low- 
water mark of spring tides to the e<^e of the continental 
shelf, the term given to the ledge usually foimd surrounding 
a continental huid-mass. The extent of this life-area will 
thus vary considerably, but, generally speaking, the point 
at which the gentle slope of the continental shelf passes 
abruptly into the steep gradient of the continental slope 
may be said to be situated at a depth of about a hundred 
fathoms. This depth, then, which marks approximately 
the limit of wave action will also mark that of the so-called 
shallow sea. 

As a haunt of life the shallow sea more or less resembles 
the tidal area in regard to such fectors as tight, the presence 
of a substratum with algal v^etation, wave shock, and 
aeration, but the influence of the tides is only slightly felt. 
In wealth and variety of forms it surpasses any other com- 
parable area on the globe. 

Pelagic Realm. — ^The extent of the pelagic realm is best 
conveyed by the term " open sea." More accurately, 
it may be said to be a seaward extension of the shallow sea, 
and to include the sur&ce waters to a depth of a hundred 
fethoma. It thus forms a roof to the abyssal realm. Its 
most important features are the presence of abundant light 
and the absence of a substratum. The animals frequenting 
this area are either swimmers (Nekton), or drifting forms 
(Plankton) sufficientiy buoyant to remain at or near the 
surface of the water (see Plate III). In view of the necesM^ 
for buoyancy, pelagic animals tend to be of delicate structure. 
They are also mostly transparent. Plant life is confined to 
the unicellular algte which, however, exist in limitless 
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Typical Deep-sea Forms. Sea-lilies {Peniacrinus decorta)^ 

Speoimens in the Hancock Museum, NewcoBtle-OD-Tyne. 
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profiiaion Similarly, the animal population is extraordinarily 
dense. 

Abyual Realm. — ^This is the area extendii^ from the 
margin of the continental shelf to the greatest depths and 
bomided above by the pelagic zone. At the margin of the 
continental shelf the sea-floor turns abruptly downwards, 
and the depth of water increases very rapidly. The amount 
of light penetrating diminishes accordingly, and plant life 
with all that it implies grows less common and eventually 
disappears. Wave action no longer makes itself felt and 
the waters are motionless. It is extremely cold, almost 
freezing, the sun's influence not extending beyond about 
150 fathoms. Finally, the pressure of the waters is enormous, 
since pressure in the sea increases by about one atmosphere 
for every ten metres of depth (the pressure at 5000 metres 
being over three tons to the square inch). These four 
factors : darkness, quiescence, cold, and pressure, have had 
far-reaching effects on the fauna, particularly in the case of 
deep-sea fishes. The animals are frail and flabby, their 
colours are extremely simple, eyes are often absent, and when 
present they are frequently telescopic or provided with an 
enlarged lens like that of a bull's-eye lantern. There is a 
tendency to develop feelers or long filaments with a tactile 
sense, obviously only of use in still waters. Nearly all 
abyssal fishes are phosphorescent. 

SOME CONSIDERATIONS REGARDING THE ECOLOGICAL 
STUDY OF THE SHORE 

While a detailed discussion of the associations of the 
shore is deferred till Chapter III, we may take this oppor- 
tunity of considering how the ecological method of study 
may best be applied to the case of this particular life area. 

The area exposed between tide-marks can usually be 

split up into a number of life zones. Each of these zones 

or horizons is characterised by a certain assemblage of 

. forms, some of which are either confined to that horizon 

or are so marked in form or predominant in numbers as to 
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give a readily recognised, distinctive appearance or " fades " 
to that particular part of the shore. In proceeding from high 
to low water marit a succession of these will be crossed. 
If the nature of the substratum remains unaltered the 
differences in the composition of the fauna are chiefly 
determined by the period of exposure the individual forms 
are capable of surviving. Moreover, so regular is the 
I tidal rhythm that some forms have come to require a certain 
definite period of exposure and will perish if kept con- 
tinually submei^ed. In passing, therefore, from high to 
low water mark, while new forms are continually coming 
in, others will be found to drop out. Frequently, however, 
a shore is not of a uniform ^e, in which case a particular 
zone, when followed for a short distance, will be interrupted 
owing to the interpolation of a diflerent physical type 
(sand may succeed rock, etc.), but will reappear with its 
characteristic plant and animal association when the same 
type of shore is again met with. It is impossible to draw 
up a classification of shores which will fit all cases, but that 
of Pruvot reproduced opposite is of fairly general application 
and will serve as a working guide, and for the further 
assistance of the student we have included in the 
Appendix a chart of a typical piece of shore of mixed 
physical character with a list of the common forms occurring 
there. 

In addition to the linear zoning of shore forms, the vertical 
aspect also requires consideration. It is only in the case 
of completely flat shores that submergence proceeds imi- 
formly, and on certain shores the height of the rocks or 
boulders becomes of great importance. Suppose, for 
instance, the vertical range of the tides to be ten feet, the 
summit of a rock of this height situated in the Laminarian 
zone will frequently carry an association in all respects 
identical with that occurring at high-tide mark. This 
will be seen in the chart referred to, where the succession 
of algte clothing the sides of the rocky reef, as one passes 
from top to bottom in the region of low-tide mark, exactly 
repeats the linear arrangement found on passing from high 
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14 THE BIOLOGY OF THE SEA-SHORE 

towards low tide mark. And the same is true for the animals 
associated with the weeds. 

Not only may we study the fauna of these zones or 
horizons as a whole, but we may go further and study the 
animals dwelling together among some marked algal or other 
associations (such as a Fucus bed ; in a rock pool ; in an area 
of sandy mud ; in a cockle or mussel bed, etc.). Interestii^ 
results may be obtained by contrasting the fauna living on 
and imder stones, etc. Khig and Rusaell (1909) recogidsed 
four chief positions in dealing with the fauna of a particular 
bay, but die distinctions are capable of wider application. 
These " positions " were (i) the upper surfaces of stones 
(and rocks) ; (2) beneath stones (not embedded) ; (3) in 
the substratum ; (4) on, or amongst, different kinds of 
weeds (noting in the last case that the base and branches 
of large alg£e will show typical associations of forms). 

Davenport (1903) grouped the buna of another area in 
a manner which is also of value (but more locally than 
widely, as the groups are not always clearly defined), into 
(i) s^sile, (2) crawling, (3) biurowing, and (4) swimming 
animals. Thds method of grouping is, however, physiologi- 
cal rather than ecolt^cal. 

We may conclude these introductory remarks, intended 
to be suggestive and not by any means exhaustive, by 
summarising the chief features of an association. Within 
' any particular association a normal relation between its 
members comes to exist. We shaU find at the time we 
examine it, a certain number of genera, species, and in- 
dividuals, and these are more or less a>nstant for each 
association. Several members of any given genus may be 
present, and one or more of these species may be abundant, 
so much so as to be called doimnant, while others are rare. 
One member of an association may be large and prominent, 
but relatively few in numbers ; while another is extremely 
abundant, but microscopic in size. There will be a balance 
between vegetable feeders, predatory spedes, and para- 
sites ; though the predatory element may be largely cttemal 
to any given association (such as f^h or bird). Any 
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departure from this balance will result in changes in the 
aBSociation. Great variation will be found in the relative 
represenution of the various phyla in different associations, 
according to their Qrpe. hi rocky pools Ctelenterates 
may be wdl represented owing to the presence of a suitable 
substratum for attachment ; on sand they may be practically 
(or even entirely) absent ; in both, Molluscs will probably 
be numerous, but in the former case Gasteropoda, and in 
the latter Lamellibnmchs, will predominate. In the pool 
there will be Anemones and creepii^ Molluscs ; in the 
sand, burrowers. 



THE UTTORAI. AKEA IN RELATION TO THE EVOLUTION 
OP LIFE 

The problem of the evolution of life has for long exercised 
the minds of scientists, and in view of the importance 
usually attached to the shore in this connection it may be 
useful to give it a small share of our attention. 

Amid much doubt and disagreement one fact remains 
certain, namely, that life began in the water : whether in salt 
or fresh water has not been decided. The earliest forms 
of life probably were nitrifying bacteria, ^nce they alone 
are cafrable of deriving their enet^ and nutrition from 
inorganic chemical compounds and are independent of 
the sun or of other forms of life. It is less the actual origin 
of life which concerns us, however, than the manner in which 
it was able to spread from its original home and has come 
to occupy the various habitats we have been dealing with 
above. Of this, various es^lanations have been put forward 
based upon the varyii^ conceptions of the conditions 
prevalent at the time when the temperature of the earth 
had dropped to the behest limit at which we b^eve life 
to be possible. Some of these may now be quoted. 

Church (1919) believes " the beginnings of Botany are 
inthe8ea,"tliefiiBtphaseofplantlifebeii^pelagic. Church 
conceives of an eariy worid entirely covered by water — 
a worid-ocean some two miles deep in which life was 
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evolved and gradually increased in complexity till at length 
unicellular plants were produced possessing chlorophyll, 
and capable of elaborating their own food. At this period 
portions of the earth's crust were uplifted to within a com- 
paratively short distance of the sur^tce of the ocean, and 
came within the influence of the sun's rays. Profiting by 
the presence of light some of the pelagic forms took to a 
sedentary life upon the sea-floor, and from these were evolved 

~ multicellular forms of gradually increasii^ compledty 
and with more and more efficient forms of attachment. 
Next, at a period corresponding to the very earliest geological 
record, the earth's crust underwent a further movement 
of uplift and areas of solid land appeared above the surface 
of the waters. Certain sedentary aquatic plants now found 
themselves exposed at intervals to the air. As the uplift 

' continued the periods of emergence became gradually longer ; 
some of the sea forms f^ain were able to adjust themselves 
to the changing conditions, their organs of attachment 
becoming organs of absorption, and reproductive cells 
capable of aerial dispersal taking the place of those adapted 
for locomotion or transport in water. Such was the way 
in which, according to Church, plant life proceeded to its 
conquest of the land. It will be seen that although this 
I writer assigns a pelagic origin to life, yet his theory emphasises 
the importance of Uttoral conditions without which the 
migration from sea to land would not have been possible. 

Totally opposed to that of Church is the view taken by 
Osbom (1918), who argues that the more or less complete 
absence from the primal ocean of those chemical elements 
so essential to living matter (particularly nitrogen) must 
force us to abandon the idea of life havii^ begun in the 
sea and to conclude instead that " the lowliest oiganisms 
originated either in moist earths or in those terrestrial 
waters which contained nitrogen." Nitrite and nitrate 
presumably arose by the union of nitrogen and oi^gen in 
electrical discharges (as in a thunderstorm) and with related 
nitrogen conipounds " may have been specially concen- 
trated in pools of water to degrees particularly favourable for 
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the origin of protoplasm." Further, according to Osbom, 
" it appears that every subsequent higher life phase — the 
bacterial phase, the chlorophyllic algal phase, the proto- 
zoan phase — were also primarily of fresh-water and second- 
arilyofmarinehabitat. From terrestrial waters life may have 
gradually extended into the sea." 

Of considerable interest to us are Osbom's remarks on 
the great antiquity of most of the marine invertebrate groups 
and the extraordinary persistence of type, which is such that 
forms " with an antiquity estimated at 25,000,000 years 
can be placed side by side with existing sea forma with very 
obvious similarities of function and structure." Again, 
8 comparison of fossil and modem Polyduets, both swimming 
and burrowing forms, affords clear evidence that the 
Cambrian sea-^ore and its tidal conditions closely resembled 
those of the present day. 

Macfarlane (1918) takes the view that life or^inated in 
thermal firesh-water areas, the earliest forms being probably 
colourless bacterial forms similar to the thermal sulphur 
bacteria. From these slowly originated the unicellular 
blue-green algsc which, by a process of gradual accommoda- 
tion to cooling terrestrial conditions in fresh water, or in 
moist places and later in the sea, gave rise to a wealth of 
species that became in turn the ancestors of all green plants. 
Similarly, by a train of arguments we have not space to 
follow, a lacustrine origin is cldmed for animals. 

Stmroth (1891], in analysing the factors and reviewing the 

various possibilities necessary for the first production of life, 

in tjiis connection remarks that this could not have taken 

\^ place in the hydrosphere without the concurrence of air, since 

■A>£y^r' respiration is one of the first and most essential functions 

'K^^' of -life. On an a priori view, therefore, the most &vourable 

^-&^ point for the first appearance of life would be where the two 

' ^^Z^ essential factors, air and water, interact most effectively. The 

~' -^ question of an abyssal origin of life is thus, to all intents and 

^^ ' purposes, excluded, and all that remains to be decided is 

g/i^ at iritat part of the ocean's surface the e^rchange between 

air and water could take place most fiivourabty, vrfiether in 

c 
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the open sea or in the neighbourhood of the coast. Simroth 
considers the choice must inevitably fall upon the latter. 

With r^iard to the pdagic origin of life at a time when 
the earth was entirely surrounded by water, as postulated by 
Marshall, and later, as we have seen, by Church, Simroth 
argues that since the earth first began to Bolidiiy at a tempera- 
ture far greater than that at which it was possible for life 
to exist, a disproportionately longer time must have dapsed 
between the first formation of a terrestrial crust and the 
appearance of life, than from this latter period till now. 
There seems no reason, however, why the earth's crust 
should not have become folded and portions of it have pro- 
jected above the water surface, long before it could have 
cooled to a temperature favourable to life ; and conae- 
^ quently the theoretic possibili^ of a coastal or even a land 
origin of life cannot be excluded. 

Sollaa (1S84) assigns a marine origin to life and brings 
evidence to show the probability of fresh-water faunas having 
arisen by modification of marine forms following the con- 
version of shallow continental seas into ft'esh-water Uism. 
The fact that practically all marine forms have free-swimming 
larvie makes their direct transference to rivers ^tremely 
difficult, since the larvae are at the mercy of currents. Solba 
enumerates three considerable methods by which fresh- 
water animals may be derived horn marine forms as 
follows : (i) direct migration into rivers from the sea ; 
(2) conversion of the original habitat into a fresh-water 
baun or lake ; (3) acquisition of a terrestrial or marshy 
habitat and subsequent exchange of this for a fluviatile or 
lacustrine one. It is interesting to compare this with the 
observations of Pearse (1915) on the migrational highwaya 
utilised by Crustacea. In dealing with the Crustacea of 
the southern shores of the Caribbean Seas, and the varyii^; 
habitats : sea, mangrove swamps, streams, forest, and dnert, 
this writer shows that this group, like the Amphibia, is in 
process of transition from aquatic to terrestrial lif|:. Every 
phase of the transition is shown : marine, fresh-water, ter- 
restrial, arboreal. The varied of habitat is facilitated by 
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the habit of egg-carrying by the female, omntvoroua habits, 
protective cuticle aod plasticity of behaviour in relation 
to special cooditiona. In their migratioas they have followed 
three main highways : (i) through rivers to land, (2) from 
the ocean direct to the land, (3) from marshes and swamp 
habitats direct to fresh water. Respiration appears to have 
been of most importance in keeping the majority of Crustacea 
aquatic. Issel (1918) in contrasting life in fresh and salt 
water notes that while there is much in common correspond- 
ing to the similar requirements of aquatic life, yet there 
is a barrier between them depending on the quanti^ of 
dissolved substances. The difference is quantitative, ^ereaa - 
the difference between aquatic and land life is qualitative. 

In ctmclusion, as the result of this short review, although 
we are unable to affirm that life originated in the littoral 
zone, yet we have accumulated a certain amount of 
evidence to that effect and have at least demonstrated the 
great importance of this area from the evolutioaal stand- 
point. The chief factors concerned are the transitional 
characters of the area ; neither entirely aquatic nor entirely 
terrestrial, the presence of light, abundant air, and a sub- 
stratum. It is these which justify the claim of the littoral 
area to be called the " cradle of evolution." 
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Physiography of the Sea-shore 

The coast-line of all countries exhibits a succession in varying 
«l^ees and extent of cliff, headland, reef, bay, estuary, 
lagoon, delta, inlet, and fiord ; of sand and shhtgle or of 
-mud flat. These physical features, which are of fundamental 
importance to animal and plant life, are the outcome of 
complex geological and geographical factors, and result 
-V from the action of the ocean upon varying strata and deposits, 
generally already moulded and modified by denudation — 
marine, fluviatile, or glacial action — and now in process of 
still further modification by the salt waters acting under the 
rhythmical power of the tides, and by the more spasmodic 
forces of the wind. 

We are goii^ to deal vrith the life of a narrow zone, 
which, although primarily under the influence of the sea, 
is daily exposed to land influences ; hence the chief peculiari- 
ties of the zone are periodicity and variability, and we have 
here, more than anywliere on earth, fluctuating conditions. 
The relative area of the sea-shore exposed dining tidal 
absence depends on two chief factors, namely, the degree 
of slope and the vertical tidal rai^, and some idea of its 
extent may be gained from the statement that the total 
frontage of coastal foreshore in the United Kingdom is 9700 
miles, and that the total area between high and low water 
marks is about 620,000 acres (Carey and Oliver, 1918). 

Before dealing further with the characters of the tidal 
area it becomes needful to consider a few of the vital charac- 
teristics of the sea, and the manner in which they modify 
and affect this zone and the life inhabiting it. 
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8«a - wafer. — Osbom (1918) has summarised the 
opinions of a number of writers regarding the ocean 
and its waters. Among other points of interest he quotes 
the computations of T. Mellard Reade, J. Joly, Sollas, 
and Becker and Clarke, from which it is inferred that the 
age of the ocean since the earth assumed its present 
form is somewhat less than 100,000,000 years. " The 
63,000,000 tons of sodium which the sea has received 
yearly by solution from the rocks has been continually 
tiniting with its equivalent of chlorine to form the salt 
(NaCI) of the existing seas. So vrith the entire present 
content of the sea, its sulphates as well as its chlorides 
of sodium and of magnesium, its potassium, its calcium 
as well as those rare chemical elements which occasion- 
ally enter into the life compounds, such as copper, fluorine, 
boron, barium — all these earth-derived elements were much 
rarer in the primordial seas than in those c^ the present 
time. Yet from the first the air in sea-water was much 
richer in oxygen than the atmosphere. As compared with 
primordial sea-water, which was relatively fresh and free 
from salts and from nitrc^en, existing sea-water is an 
ideal chemical medium for life. As a proof of the spedal 
fitness of sea-water to life processes we have the remarkable 
resemblance in composition between the chemical compou- 
tion of the chief body fluid of the highest animak, namely, 
the blood serum, and that of sea-water " (see Henderson, 

OnivoiBti<m (d 8«a-water. — ^While it is easy to deter- 
mine the total solids in sea-water, the percentage determi- 
nation of the individual constituents is a matter of great 
difiiculty. At the present time oceanographers f^ree in 
conuderii^ sea-water as a soludon in which the individual 
Ctmstituents are always present in the same relative propor- 
tions, no matter how the degree of concentration may vary. 
Consequently, in any given sample, once the quantity of a 
sing^ chemical constituent has been determined. e.g, chlo- 
rine.the proportion of the other substances maybe calculated. 
For this purpose use is made of Knudsen's tables, in which 
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the quantities of the various constituents are given corre- 
sponding to the amount of chlorine deteimined. Another 
point to be considered is that in a dilute solution such as 
sea-water the salts will to a large extent be disassociated as 
ions, so that the compounds given in analyses represent 
arbitrary combinations. On the other hand, an analj^, 
such as we append below, which is that of Dittmar, implies 
that the solution obtained by dissolving the different salts 
in the proportions indicated in the proper amount of water 
would be similar in composition to sea-water (Lake, 1915). 
On an average 1000 grams of sea-water contain — 

Sodium chloride (NaCl) . . . . 27213 grama. 



Magnesium chloride (MgClj) . . 
Magnesium sulphate (MgSO^) 
Calcium sulphate (CaSO*) . . 
Potassium sulphate (K,50*) - - 
Calcium carbonate (CaCOg) . , 
Magnesium bromide (MgBr,) 



3-807 
1-658 
i'26o 

0863 

0*123 
0-076 



35-000 
The terms density and apedfic gravity have different 
meanings and should not be confused. Density is used 
when temperature is regarded as a variable iactor, and is 
then usually considered as the relation betwen a given mass 
of sea-water at the particular tenq>erature and the mass of 
an equal volume of distilled water at 4° C. Specific 
gravi^, on the other hand, is used when both terms of the 
relation are understood to be reduced to a constant tempera- 
ture. The most usual method is to relate sea-water at 0° C. 
to distilled water at 4° C. It is assumed for purposes 
of comparison that the composition of sea-water taken 
from the open ocean is the same everywhere ; in fact, 
standard sea-water. It is obvious, however, that the sea- 
margin will generally show much variation from this mean 
in the vital matter of composition expressed as salinity, and 
that the dffitribution of the &una will be correspondingly 
influenced thereby. Near large rivers and in estuaries the 
amount of fresh water will lower the density of the sea 
surface, often for miles, the effect varying, naturally, with the 
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msn involved, and it is this surface water that comes id 
contact with the tidal zone during the rise and fall of the 
tide. The effect of such changes ia salinity upon animal 
distribution may be important, as we shall have occasion to 
see later on. TTie average percentage of salini^ for the 
open sea varies from 3*3 to 4*1 ; the latter in the Red Sea. 
The Atlantic average is about 3'5. 

^ Density as recorded by the hydrometer shows seasonal 
variation lai^ty in accordance with prevailii^ mnds. It 



SALINITY 



Ham^l/ ■ Inches 




fia. nM ^fft. /w Ji/f/i juir Au^ Sifr oer *ok dcc. 

- JWmJ. if Surfaci . Ja//nify oT J FOtloni "Raii^ll 

Pig- 2. — ^Tbe rdation between ulinitjr and rainfidl in Ballrmkill 
Haifoour (SouAem, 1915). 

varies also with the State of tide. InNovember, I9i3,inthe 
Dovey estuary in West Wales one of us found that the 
density varied between i'0265 (temperature ii'8 C.) with a 
high wind, and i'0048 (temperature 9*1 C.) at low water. 

The relation between salinity and rainfall ia well shown 
in the above graph (F^. 2) compiled by Southern (1915) 
irom data obtained in Ballynakill Harbour, Ireland, in which 
" the salinity curve responds with 6delity to that of rain- 
fall." Discussing these results Southern points out that 
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" in a shallow bay like Ballynakill Harbour, a lai^ proportioQ 
of the water is renewed from outside at each tide. . . . Bally- 
nakill Harbour is partially surrounded by hi^ hills and 
several rivers flow into it. Af^r heavy rain the fresh water 
streams down on to the surface of the bay and in calm 
weather forms a distinct layer of low salinity on the surface." 
Further, it was found that the difference between the 
salinity at the surface, and at a depth of one fathom varied 
directly as the rain^, and inversely as the amount of wind ; 
the lowest surface salinities were found on calm days after 
rain. The density of the water of rock pools may oscillate 
from a little above i to about i'220. Further, the solu- 
I bUity of oi^gen diminishes with increase of salt and still 
\ more with increase of temperature, with consequent effects 
on animal life. Nitrogen exchange in the sea can be modified 
by certain bacteria which can fix free nitrogenous coo^jounds 
(nitrates, nitrites, and ammonia salts). In the warmer 
seas in particular bacteria are of importance, and in the region 
of the Great Bahama Banks chalk mud is precipitated by 
B. calcis. Such bacteria swarm in the shallow coastal waters 
and have the power of secreting and predpitadng lime, and 
at the same time of a)nverting nitrogen combinaticHis 
(Drew, I9I3). Loeb also dwells upon the importance 
of the bicarbonates as regulators in the development of 
marine organisms, by keeping neutral the water in which 
these animals live. 

Ttgetatloa in BelatloD to the Altadfaiitr of Sea- 
water. — Tlie effect of vegetation in promoting alkalinity 
and the importance of this to the animal life is discussed 
by Shelford (1916), who discovered a surprising difference 
(which is constant) between the waters of the two sides of 
Friday Harbour, San Juan Island, Puget Sound. The 
water on the south side is always more add than that on 
the north side, the latter being usually neutral or slightly 
alkaline and at times, especially at the end of a sunny day, 
decidedly alkaline. Water pumped from the add side into 
tanks has never been satis&ctory for aquarium purposes, and 
animals do not develop well in add water. The oi^gen 
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cmitent of the water also was bi^er on the north side, where 
vegetation is abundant, and often, in this vegetation, reached 
nearly twice saturation. On the south side the oxygen 
content rarely reached saturation. Herdman quotes Moore 
(1915) as to the greater alkalini^ of the sea in spring than 
in summer, and considers that testing the water for alkalinity 
may be said to be merely ascertainii^ and measuring the 
residts of the photosynthetic activity of the great seasonal 
phjrtoplankton rise in spring due to the daily increase of 
sunshine. 

litfit. — The effect of light on life processes is known 
to be profound, and the abundant illumination of the shore 
zone b one of the chief reasons for its suitabiUty as a haunt of 
life. With increasing depth the amount of light which 
penetrates rapidly diminishes, the red rays being absorbed 
the first, then the yellow and so on, absorption occurring 
in the order of the spectrum. The degree of illumination 
varies considerably, being modified by local climate and by 
physit^raphical features ; similarly the extent to which light 
may penetrate varies vrith the transparency of the water. 
I In particular, the distribution and character of plant life 
' are governed by light ; in the sea beyond a certain depth 
plant life is entirely absent. Algse living at a given depth 
receive li^t of different quaUty fi-om that received at a 
hi^er or lower level. It was once thought that pigments 
supplementary to the chlorophyll enabled the plant to utilise 
%ht rays of a quality useless to the latter, and that con- 
sequently the power of an alga to grow at a given depth 
] d^ended on the presence of a particular pigment. While, 
however, it is an imdoubted fact that algs living at different 
levels tend to differ in colour (for instance, at a certiun depth 
red algsc predominating sometimes almost to the exclusion of 
other forms), this explanation cannot now be accepted without 
ctHisiderable modification (Sauvageau, 1920). To speak of 
the succession of colours in the narrow tidal zone as being 
Qq)licable on this basis is inaccurate. 

Tempentnn. — Coastal waters in the temperate regions 
display very considerable seasonal and even daily variations. 
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In the Gulf of Kiel the mean monthly temperature varies 
between a maxinium of 14° C. and a minimum of !•$" C. 
(Semper). Great range is experienced within the tidal zone, 
since it is liable to exposure to frost in winter and the full 
glare of the sun in summer ; and the waters bathing it tend 
to be similarly affected, since the more shallow the water, the 
more readily will it be tofluenced by temperature variations. 
The mean annual temperature of the sea-water off the 
western coasts of Great Britain is from 10° C. to 13° C. 
Off Labrador it varies from 2° to 5° C. In the tropics the 
surface temperature generally occeeds 267° C. Sea-water 
freezes at —2° C. (see Johnstone, 1908 ; Fowler, 1912 ; 
Allingham, 1917). One of us found the surface waters 
of the Dovey estuary to vary between 9*0° C. and 12*2" C. 
during Novunber, 1913- Southern (0^. cit.) gives some 
very interesting data obtained during the Clare Island 

' Survey. For ^lynakill Harbour the result of daily obser- 
vations taken in 2 fathoms of water (9 a.m. readings) showed 
that the mean surface temperature is higher than the mean 
bottom temperature from May to August ; lower from 
September to March, and equal to it in April. The %ures 
for 1902 showed the hi^est record to be 19*6° C. on June 
30 ; the lowest 3*30° C. on January 28, and the aimual 
range i6'3''C. TThe greatest difference within twenty-four 
hours was 4'i'' C. on June 30. 

EOeoti ol lee. — Portions of the coast are at times during 

, the winter more or less completely frozen over, and small 
/ harbours may have a thick covering of ice. Sheltered 
portions of the coast which are not exposed to surf or stroi^ 
tidal currents may become fringed with ice. The movement 
of ice, along the shore and through channels, serves to 
scrape bare the large stones and boulders wherever they 
are exposed, so that they may be almost or entirely free from 

' algse in the spring when the Ice disappears. At times, also, 
the common barnacle {Balamis balanoides) which covers 
their surfaces in summer may be removed. Rocks which 
are perfectly bare after the winter become thickly covered 

during spring and summer with algx (Davis, 1913). 
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Tlw Wm.— A iactor iriuch is of inunenee and ftrnda- 
mental importance in shqnng the atea we are studying and 
in influencing the life upon it is that of the tides. These 
may vary greatly in relative force and extent, ranging from 
practically nil to a rise and fall of many feet, with correspond- 
ii% efiects <m the feuna. In Britain the biggest tides occur 
in the Severn estuary, the mean range of spring tides at 
Chepstow being 42 feet, and of neaps 21 feet. In France, 
at St. Malo, spring tides range 42*5 feet and neap tides 
18 feet, this betog the maximum for that country. The tidal 
range in the Dee is 26 feet at springs and 12 feet at neaps, 
the mean range of spring tides round the coasts of Great 
Britain being 16*4 feet and of neap tides 8'6 feet. (These 
data are taken from an article in Nature, vol. 105, June 3, 
1920.) The causation of the tides is too well known to need 
lengthy description. Briefly, since the moon attracts the side 
of the earth nearest to it more strongly than the centre, and 
since, moreover, the water surroimding the earth is attracted 
most stroi^ly of all, the waters on this side yield and are 
heaped up beneath the moon. On the other hand, »nce 
the moon attracts the side of the earth remote from it less 
strongjy than the (%ntre, and since, moreover, the water on 
this side is attracted least strongly of all, the waters, ^lich 
are less attracted than the solid earth, bulge outwards on 
the side away from the moon also. (For a more adequate 
yet not too technical explanation reference should be made , 
to Lake, Physical Geography, Cambridge, 1908.) 

High tides are thus produced at two opposite sides of 
the earth at the same time. This means that vrater has been 
drawn away from other parts of the earth, and consequently 
at two opposite points half-way between the two high tides 
the sea is below its normal level and there is low tide. As 
the earth rotates on its axis every meridian comes opposite 
the moon in turn, and a roution occupyii^ twenty-four 
hours, there are normally two high tides and two low tides in 
that period. The li^ging of the tides, or the difierence of 
roughly fifty minutes in the time of high or low tide on suc- 
cessive days, is due to the fact that while the earth is rotating 
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on its axis the moon is moving in the same direction round 
the centre of gravity of the earth and the moon, and the 
earth has consequently to make a little more than a complete 
revolution before a particular meridian is again beneath the 
moon. 

The differences in height of tide are due to the greater 
or lesser degree io v^ch the attractions of the sun and 
moon coincide or are in opposition. With the moon in the 
first or last quarter, moon and sun form a rig^t ang^e with 
the earth's axis and, the attraction of the one tending to 
neutralise that of the other, neap tides result. With new 
and full moon, all three bodies are in the same straight 
line and, the effects of sun and moon coinddii^, we get 
spring tides. The great tidal wave produced in the way 
described sweeps round the earth wi^ a velocity of 4S0 to 
660 miles per hour. The proximi^ of land reduces the 
velod^ of the oceanic tidal wave, and local interference 
(due to local coastal configuration) causes calculations to 
become in many instances a matter of some uncertainty. 

It is important for us to follow the course c^ the tidal 
wave in British waters. The wave reaches the British Isles 
from the west, and on meeting Ireland divides into two. 
Of these, the southern portion is again divided by the Cornish 
peninsula, one branch going up the Irish Sea and Bristol 
Qiannel, the other travelling up the English Channel. 
The northern portion (after sending a small offshoot to the 
Irish Sea) has travelled round the north of Scodand and 
down the east ixtast to mingle, in the southern part of the 
North Sea, with the Channel irave of the next tide, having 
taken, owing to its longer course, exactly twelve hours 
more to reach this particular spot than the Channel wave. 
Reference to the co-tidal chart will make this clear. 
i Where the tide can enter a sea from both ends there may 
be various modifications of the normal tidal rhythm. For 
instance, along the Hampshire coast there are four tides a 
day, owing to tidal waves entering the stretch of vrater 
between the Isle of Wight and the mainland from both the 
east and west ends. Similarly one tide may serve to neutralise 
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ihe other. It is possible that these anomalies may have 



Ro. 3. 
effects on the tidal fauna, although no attention appears to 
have been paid to them from this point of view hitherto. 
Wind causes great perturbation in tidal range and will 

nigit'zcdb/GoOgIc 
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, heap up or dqtreea it many feet, especially if of long con- 
tinuance. In die North Sea the maxiimim effect is produced 
by a N.N.W. wind, and it is recorded that such a gale in 
1905 caused an extra rise on the Suffolk coast of 6 feet 
3 inches. Water is wanner when the wind blows toward 
land, and the reverse also hdds good ; on-shore winds pile 
the warmer surface waters up against the coast, and the 
colder bottom waters escf^ seaward (Johnson, op. cit.). 

Accordii^ to Johnson (1919) the tides may best be 
considered as great waves which combine some of the 
features of both oscillatory waves and waves of translation 
(see " Wave Action," p 32). There is a shoreward move- 
ment of the water particles until the time of h^h tide, 
after which a seaward movement takes place. In water 
30 metres in depth a tidal rise of 3 metres should result in 
currents of 17 knots ; with 4*5 to 6 metres it would attain 
over 3 knots. In the Channel between Scilly and Hastings 
the tidal velocity is 2 miles an hour ; in the N. Wash, 4 ; 
off Ushant, 6 to 7 ; through Petite Passage, S.W. of Digley 
Gut, Nova Scotia, not less than 8. In the Severn estuary 
the speed is 6-12 miles (according to Sollas), and Kurmmel 
cites 8-10 between Orkney and Shetland, 11 in the dreaded 
" Roost " of Pentland Skerries. The transportiog and 
eroding power of such currents is enormous. A velocity 
' of but '4 knot will drive ordinary sand along the bottom, 
while fine gravel will be moved at t knot ; shingle about 
I inch in diameter at 2*5 knots, and angular stones i( inches 
in diameter at 3*5 knots. As the currents continue for many 
miles in the same direction, they must play a very important 
r61e in the transportation of shore debris. Tidal currents 
do not always, or even commonly, act in a direction which 
the lie of the shore-line would indicate as normal. Along 
the sides of a bay or headland whose axis is in the line of tidal 
advance, the currents may be parallel to the shore. Shore- 
line irregularities will deflect the tidal waters,giving longshore 
currents in all possible directions. It is also a well-known fact 
that a narrowing bay compresses a tidal wave into smaller 
space, and constrains it to rise bij^. " In bays and soimds 
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the swiftest tidal currents follow the deepest channels, and are 
therefore not as directly effective in shore processes as when 
they infringe upon an esipoeed portion of the coast . . . how- 
ever . . . they remove vast quantities of debris origiiially 
eroded from the land by wave action or carried to the sea by 
^ rivers, and then transported l^ longshore currents . . . until 
brou^t within the influence of t^ inflowing or outflowing 
tidal current. The inflowing tide sweeps the finer material 
&r up the bay, where it is deposited in mud flats and tidal 
marshes . . . while the coarser sand is moved landward a 
much shorter distance, often forming bars along the channels. 
In estuaries because of the river water usually poured into 
a bay the ebb current pred<«iiinate8 over the flood, and the 
direction of debris migratiim is prevailingly seaward " 
(Johnson, op, cit.). 

OtenlatioD o( British Watm.— According to Herd- 
man (1919) three masses of sea-water of different origin and 
character may enter or affect the British seas in varying 
quantity, 

1. Arctic wat^, such as normally surrounds Iceland and 
E. Greenland, and may extend towards Norway, the Faroes, 
and Shetlands. 

2. AtUpoic (or Gulf Stream Drift) which impii^ies on the 
western shores of Ireland, and may flood the EngUsh Channel 
and extend round the Shetlands or down into the North 
Sea. 

3. Coastal water, such as flows out of the Baltic, aod, 
mized with other waters, bathes the coasts of N.W. Europe 
generally, and to a large extent surrounds the British Isles. 

The Irish Sea is regarded by Herdman as primarily an area 
of coastal water ^>^cb is, however, liable to be periodically 
invaded to a greater or less extent by bodies of warmer and 
Salter Atlantic water (reinforced possibly by a portion of a 
deeper outflowii^ Mediterranean current) carrying in oceanic 
plankton ; and more rarely, perhaps, by Norwegian or Arctic 
water """"T^g an invasion of NorUiem organisms. 

The variations iduch are found in different years in the 
nature and amount of the plankton at the same localities no 
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doubt depend to some extent upon the volume and period 
of such southern or northern invasions ; but they may also 
depend upon other factors, such as the weather (temperature, 
sunshine, rainfall, wind, etc.), at the time and previously. 

Wan Aottoo. — ^This has a very decided effect upon shore 
life and varies according to the depth of water, ^cposure to 
prevailing winds and their relative force, shelter (visible or 
submerged), character of shore-line, and other iacton. The 
foUowing remarks are taken largely from Johnson's recent 
work, already referred to. 

Waves are of two chief kinds : waves of oscillation and 
waves of translation. In waves of osdllatioD in deep water, 
each water particle moves throu^ a circular orbit, the 
particle moving forward on the crest of the wave, downward 
on the back, backward in the trou^, and upward on the 
wave front. When this form of wave passes into shallow 
water, it becomes higher and shorter, the front steepens, 
the crest arches forward, and, findii^ itself tmsuppoited 
by sufficient water on the front of the wave, dashes down- 
ward in a roar, producing the phenomenon known as the 
" surf " ; the individual breaking wave being known as a 
" breaker," or less frequently as a combing wave. 

The initial height of waves of this type depends upon 
(i) the strength of the wind, (a) its duration, (3) the extent 
of open water over which it blows. A faint breeze seta in 
motion very small waves, which increase in size to a certain 
limit, but which would never become billows. In the trade 
wind belt the maximum height of a wave for a certain strength 
of wind is soon reached, and, although the wind may con- 
tinue steadily for days at a given strength, there is no 
increase in the uze of the waves. In very severe storms the 
h^hest waves may not occur when the wid velocity is at 
a maximum, but may develop as the wind b^ina to subside, 
the excessive force having blown off the wave-tops and cast 
them into the preceding troughs. The size of waves may 
increase very rapidly, and Cornish records an increase of 
seven feet durii^ a squall lasting four minutea. The follow- 
ing are approximate wave heights: Mediterranean Sea, 
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25-30 feet ; North Atlantic, 43 feet (maximum) ; NorA 
Pacific, same ; Southern Ocean, 45-50 feet. Combloed 
waves may reach 50-65 feet. Swells seldom exceed 
15-20 feet, and near the coast may be reduced to a few feet 
only. Entering shallow water they seem to awaken to new 
life, crowding closer together and increasing in height until 
th^ break, at which time they may be anyi^iere from a 
few feet up to 25 feet or nan. Waves striking a vertical 
rock surface are reflected back without breakii^, the water 
next the wall moving up and down through a vertical 
distance to twice the original height of the wave. 

Re^;arding wave velocity, Jdmson states that if a wave 
be 4D0 feet long and 15 feet high the velocity will be about 
. 45 feet per second in deep water. In shallow water waves 
move less rapidly. 

In waves of translation the water particles move forward 
as the wave passes, but do not exhibit a compensating back- 
ward motion. While not important in the open sea, this 
type is extensively developed in the shallow water along all 
coasts, the waves of osdllation generated in deep water 
beccnning more or less completely transformed as they 
approach the shore. Immediately before and after the 
passage the sur&ce of the water may be quite still. The 
sur&ce-water particles rise and move foranrd, descending 
again to the original level in an advanced position, the paths 
of the particles being semi-eUipses. The velodty depends 
upon tibe depth of the water measured iioia the crest of the 
wave. 

That this question of wave movements is not merely of 
theoretical interest to us is evidenced by a theory of Hurst's 
(1893) to account ftw the presence of the tentaculocysts of 
meduss. Accordii^ to this writer the tentaculo^ts 
function in a manner directly related to the water move- 
ments produced by waves and, by their automatic response 
thereto, serve to maintain the animal in the zone of optimum 
tranquillity. 

An important iactot in the work of waves is the effect 
produced by stones, logs, blocks of ice, snd other objects 
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moring with the waves. Large storm waves may break 
' against a cliff without removing the barnacles which are 
attached to its face, but this merely indicates that the 
pressure of the liquid mass is so evraly distributed upon 
all sides of the strong shell, that the excess of pressure on 
any one side is not sufficiently great nor applied with 
Sufficient suddenness to cause rupture. The same waves 
will wrench great blocks of nx^ from their places, and drive 
air and water into joint-crevices with such force as to loosen 
large fragments of cliff. According to Lake (1915), "the 
waves <^ the sea continually falling upon the shore 
gradually wear away the land, whether its margin is a 
shelving beach or a steep and rodty cliff. If the coast 
consists of loose material, the waves themselves may wash 
away the fragments, but if it is formed of firm and solid 
rock th«r action is indirect. The pebbles and boulders 
: that they throw against a cliff serve as battering rams, and 
the face of the cliff is slowly bn^en up, especially at its base. 
Most rocks, moreover, are fissured, at least to some extent, 
and the fissures are filled with air. When a wave rises 
f^ainst a rock or cliff, the air in the Bssure is compressed ; 
when the wave falls away the air expands. By this alternate 
compression and expansion the fissures are enlai^d and 
masses of rock are broken off. . . . If the shore slopes 
gently into the sea, the action of the waves is almost entirely 
confined to the part between tide-marks, extending only a 
little below the true high-water and in heavy storms a little 
above the true hi^-water level. Consequently this part 
of the land is worn away and the material so worn is deposited 
between tide marks and below low-water maii." The sea 
will continue to act for some time upon the cliff and the 
shore will gradually be widened. At lei^th, the beach 
becomes so broad that the waves no longer reach the cliff ; 
and tmless the beach material is removed by some means, . 
erosion by the sea will practically cease 

Much also depends upon the stratffication and jointing 
of the rock, as to the manner in which erosion will act. 
Soft rocks erode easily, while the harder th^ are, the 
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greater the resistance offered ; if the coaat-line consists of 
rocks of different texture, the soft beds are worn into bays, 
etc., and tiie harder beds stand out as promontories. Eroded 
material may be removed below low-water mark, or drifted 
laterally by cuirenta and piled up elsewhere, with the result 
that the land loses at some p(Hnts, but gaina at others, while 
shingle banks, spits, and sand banks and bars are also 
formed. It has been estimated that between the years 1863 
and 1S96, 35444 acres were added to, and 4692 acres lost 
to the United Kiogdom through erosion. L^e (op. cit.) 
also makes an interesting comparison between the coasts 
of the west of Scotland and that of Cardigan Bay, in 
West Wales. " Wales, like Scotland, is an ancient rocky 
highland partially submeiged, but while the west of Scot- 
land is deeply indented the shore of Cardigan Bay is com- 
paratively smooth. In the west of Scotland the tide 
approaches and recedes at right aisles to the general trend 
of the coast, and the ebbing tide helps to keep the firths and 
lochs free from deposits. In Wales the tidal wave runs 
along the coast and sweeps the loose material into the 
sheltered inlets. It is because nearly all the inlets are filled 
with deposit that the outline of Cardigan Bay is smooth." 
I^otection, with the effect of reducing scour to relatively 
harmless proportions, is a most important factor. The 
effects of moving sand banks can be well studied in ron- 
nection with the fauna of estuaries, and those of shingle on 
many roc^ shores. A certain amount of water movement, 
'■ on the other hand, is needful to provide oxygen content for 
',life processes, while tidal sweq) and local currents play a 
conuderable part in faunal distribution. 

Many attempts have been made to classify the Littoral 
Arcft— of which the tidal zone forms the upper portion — 
each laigely influenced by the particular region investigated. 
Davenport divides the shore at Cold Spring Harbour Sand 
Spit into (i) The Submeiged Zone : aU that portion of the 
beach below mean low tide, but which may be exposed by 
the lowest spring tides ; a region usually covered wiUi 
> water. (2) The Lower Beach : this lies between mean low 
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tide and mean high tide, and is twice daily exposed to air 
and iubmergence. (3) The Upper Beach : only reached by 
extreme big^ tides. From the geogrqihical standpoint this 
is a latisfactoiy division that can be applied to practically 
all shores, and may form the bans for other subdivisions from 
the biological standpoint. Johnson (op. cit.) discusses this 
matter in an interesting manner. " The line ^ere land 
and water meet has been called the shore-line, the strand- 
tine, the coast-line, and the water-line. The terms shore, 
beach, strand, and coast are also loosely used with varying 
significance. . . . Four zones attend from low water to 
the base of the cliff, whether lai^ or small, v^ch usuaUy 
marks the landward limit of effective wave action. This is 
the zone over triiich the teater-Une, the line of contact between 
land and sea, migrates : and it will here be called the 
' shore.' Landward is an indefinite zone, the coast. The 
boundary between coast and shore is the coatt-Uiu. The hoh 
tide shore-line marks the seaward limit of the intermittently 
eqxtsed line, and we have likewise the h^h-tide shore-tine. 
The shore is subdivided into two minor zones : ihe foreshore 
daily traversed by the oscillating water-line, and the hachr 
shore covered by exceptional storms only." At the seaward 
coast edge is the wave-cut cUff, varying from an inom- 
qncuous slope to a high escarpment. In front of this, 
occupying all the shore zone and part, or all, of the shore 
face, is the wave-cut bench, a sloping erosion plane inclined 
seaward ; lastly, we have the more extensive, nearly hori- 
zontal plane produced by long-continued wave erosion, and 
commonly caUed the abrasion platform. At the outer margin 
of this there accumulates an Gitensive deposit of matenal 
moved across the platform and deposited in the quieter 
water — ^that is the continental terrace, which together with the 
abrasion platform makes the continefttal shelf. Areas where 
eromon is active are naturally not able to support a rich 
faima, and are particularly unsuited to sessile forms of life. 
The artificial regulation of rivers and harbours may cause 
great alteration in local conditions. The type of local rain- 
fall and rock (or soil) porosis will determine whether a 
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rirer is subject to marked fluctuatioiis, or nuintains a more 
or less steady flow. The number, size, and proximitjr of 
large towns usually seriously affects its purity, through 
pt^ution with sewage, or the waste of manu&ctures. 
Coastal conjuration, and local currents and wind directicMi 
determine largely the subsequent direction taken by the 
mass of river water on reacfaii^ the coasts, and even when 
DO river is prcs^it a shore-line may be considerably affected 
by seepage and the action of springs. 

The shore can be considered in relation to one or other 
of three chief physical types : (i) rock, (z) sand, (3) mud, 
with a number of sub-types within eadi type and between 
the different types. The rocky type varies greatly accord- 
ing to the kind of dqioeit forming the shore, and the maniter 
in which its erosion proceeds. A vertical cliff &ce descend- 
ing sheer into water of considerable depth ; slopes of varying 
degne ; and reeb, may all appear in the same locality, and 
show either considerable uniformity or diversity of surface, 
as the strata or rock masses are uniform in texture or resist- 
ance, or dissimilar in structure, or show different d^ees of 
contortion, fracture, or Suiting, and hence weather irregu- 
larly, giving a series of exposed and sheltered situations which 
offer different types of environment for plant and animal 
life. A steep cliff may have at its base a mass of boulders, 
stungle, an erosion plane, or sand (rarely mud) and pass 
laterally into the sandy or muddy types, or into sbingle beds. 
Several distinct types may occur aloi^ a line drawn straight 
from big^ to low water levels, idiere a successive geological 
series may ^>pear. Volcanic rodra frequentiy present a 
smooth siuface, unsuited for attachment, wiiile a sandstone 
of fine texture will support a richer buna than one of coarse 
grain. Lintestontf <^^ wears into nuuiy hollows and 
fissures and gives ample protection. Conglomerates and 
drifts weather into loose detritus and are faced with, and 
provide material for, shingle banks. Sand, whether derived 
from the eronon of sandstone, or comminuted shells, etc., 
varies considerably in texture, wei^t, and other characters, 
and according to degree of adndxture passet into mud. 
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The mud, again, shows all degrees of texture and com- 
poeition according to homogeneity, or admixture of v^tal 
or other mattoB. These two, sand and mud, may be in situ, 
or transported from some distance by current or river 
action, and may (together with shingle derived from glacial 
drift) obscure the local substratum. 

Mud deposition denotes shelter, and is chiefly found in 
estuaries, creeks, and other inlets, while sand may occupy 
great stretches of open coast, though requiring shelter and 
^e accompanying stability in order to show its maximal 
&unal development (within the tidal range). 

Plants may play an important part in causii^ changes, 
chiefly within estuaries, as in the case of Spartina tomuatdH 
at Poole, and other places, where it rapidly advances, con- 
verting the mud flats into firmer ground and raising its level 
above marine influence. The Salt-wort {Salicontia) and 
others may have a distinct effect, while, on open shores, stony 
algx, such as Lithotkammon, form considerable, hard masses. 
Rodu ^ve shdter in their crevices to various animal forms, 
and, on the other hand, conqKLCt colonies of sedentary 
species, such as BaJanus, Mytiha, and encrusting algs, 
protect the surface of rocks from destructive marine action 
(Issel, 191 8). 

Davenport (o^. cit.) describes a constant struggle taking 
place at the top of the Cold Spring Sand Spit, between the 
upbuilding tendencies of the Spartina and the scouring- 
away tendencies of the tide. There is a tendency to form 
channels at weak spots in the Spartina. These channels 
widen and anastomose, and thus little hummocks are formed ; 
but these are prevented from being washed away by an 
intoiesting association. The current that rushes through 
the channels carries with it an abundant supply of micro- 
scopic food such as Lamellibranchs can make use of. The 
food is taken advantage of by the mussels which come to 
line the muddy banks of the channels and form so close a 
wall that erosion is almost completely stopped. 

The importance <^ the activity of rock-boring organisms 
in the gradual disint^^raticHi of rocks must not be overlooked , 
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andtheiractionhas been well reviewed by Jehu (1918). The 
bivalve Pholas operates at extreme low water, eadi generation 
cutting a series of auger holes 2-4 inches deep, the weakened 
intermediate portions beii^; readily broken down. Sponges of 
tiie genus CUona (C. celata being the most important spedes) 
atta^ shells and calcareous rocks and riddle the surfac* with 
small holes, which intercommunicate below. As to how the 
boring is accomplished, the theories of foot suction, rotation 
of shell valves, hard particles in the foot, add secretion, 
spicula action, etc., have been either not proved, or dis- 
proved ; probably, in the case of CUona, certain special cells 
are protruded tiirough the epidermis and absorb calcareous 
matter (as the osteoblasts of the vertebrates absorb bone), 

A small Annelid worm, Leucodora, destroys chalk, etc., 
and also perforates sandstone, shale, and mica-schist, and at 
St. Andrews occurs in soft blue shale. In some French 
localities 250,000 to 300,000 per square metre are said to 
have been enumerated. Of others, the tube-worm 5(i^/I(2,the 
Mollusc SaxUana, and the Echinoderm Strongybxentrotus 
may be noted. The latter occupies thousands of depres- 
sions at about low-water mark on the coasts of Clare, Cork, 
and Donegal Bay (Ireland) ; in the nummulitic limestone of 
Biarritz Fischer noted from 20 to 100 on the floor of troi^hs 
(tf rock ; they also occur in the walls of pot-holes, and in 
sandstone, granite, lava, etc. 

To sum up : diversity of rock surface and a suffidenty 
of shelter, which modify wave action and ero^ve power, are 
the most favourable factors influencing shores of all types, 
from the biological standpoint. Uniformity of physical 
conditions over considerable areas and distances leads, 
however, to the most pronounced and well-marked (if more 
limited) founas. 
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CHAPTER III 

The Shokb and ns Plant and Animal Associations 

It has alresdy been pointed out that, whereas the fauna 
extends to the greatest known depths, the vegetation of 
the sea is definitely limited to the surface and shallow 
waters. In contrast to the deeper waters, therefore, we 
Bnd that the shore presents the same typical combination 
and interaction of plant and animal as is seen on land, 
^accept that life here functions in both media, air and 
Wter, by turns. The Ufe fsictora are thus duplicated. In 
passing from entirely land to purely marine (naditions, we 
traverse this r^on, which may be considered as a regim of 
fluctuation and of evolution ; a region wherein are to be 
found the most complex conditions of the whole globe. 

We have firstly the upper limits of sea action, the zone 
only reached by spring tides ; next, the ^ical shore zone 
lying between the hig^ and low water marics of ordinary 
tides ; below that, a zone only exposed during low spring 
tides : these make up the shore. Bdow it we have a region 
which, although still affected by some of the conditions of 
stress (wave action, etc.) found on the shore, nevertheless 
contains v^etation and enjoys abimdant light ; tidal 
phenomena are eliminated. As we proceed seaward we 
gradually eliminate two further factors of importance, namely, 
wave action and light. Wth the latter, plant life is also 
eliminated, with all that it means to animals, while the absence 
of wave action frees the (xaa& from another (generally 
adverse) set of factors. We thus get a simplification of the 
environmental &ctors as coitq>ared with the land £auna, 
and especially with that of the shore. The shore, then, is 
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the spedalised, upper portion of the Littoral iriiich endrdes 
the land margin and is usually considered to end at a depth 
of 100 fathoms. The extent of the Littoral varies with 
the structure of the region under consideration — the British 
Isles, for instance, are situated on a submarine plateau which 
forms part of the European " Continental Shelf," and the 
loo-fn^om limit will be found to include a portion of the 
Atlantic ttt the west of Ireland and Scothind ; the Irish 
Sea ; the En{^ Channel and the North Sea. Much of 
the North Sea has a depth of less than 300 feet and, except 
in a few pUces, the whole is less than 600 feet. 

Alcal AsKMiUtions. — As has already been indicated, 
the interaction of the numerous physical peculiarities of the 
tidal region has resulted in a sorting out of the shore popula- 
tion into series capable of inhabitii^ the successive horizons 
or zones that occur between high and low tide marks. This 
' " zoning " is one of the first facts that strikes an intdligent 
observer. The algal life is affected, and through it the 
animal life. Where conditions vary, zones will vary. Par- 
ticular strata spread out iriien conditions are &vourable, and 
" pinch out " when the stru^le becomes too severe 
(Pearae, 1914). 

Marine vegetation falls into two great subdivisions : 

1. Free-floating or free-swimming plants : Plankton 
(haloplanktoa). 

II. Fixed plants : Benthos (Warmir^, 1896). 

It must be noted that, in contrast to the vegetation on 
land, the fixed v^;etation of the sea is greatiy localised 
(Petersen and Jensen, 1911). Cotton (1912) di8tii^;ui8hes 
three main r^ons ; 

t. Tlie littoral region, extending from the level of highest 
marine v^etation to that of low-water mark, neap tide. 

2. The Sub-Uttoral, which begins from the lower limit 
of the last named, and extends down to the limit of seaweeds 
(about z$ ^thorns). 

3. The Elittoral, which is devmd of v^etation. 

He further recognises three principal formations (for the 
west of IrelancQ, (a) roc^ shore formations, (b) sand and 



b, Google 



42 THE BIOLOGY OF THE SEA-SHORE 

sandy mud fonnations, (c) salt marsh formations, and in 
addition (iQ vegetation of river moutiis, («) T^etation of 
brackish bays. 

Johnson and York (1915), as a result of their investiga- 
tions carried out at Cold Spring Harbour (U.SA.) between 
1905 and 1913, recognised five vegetational zones or belts. 
I, Plankton ; II, Bottom V^tation ; III, Mid-littoral belt 
(i'5 to 6'5 feet), characterised by Sparima glabra, Fuctu, 
AscophyBtm, etc. ; IV, Upper Littoral belt (8-12 feet) 
vegetation varied, Salicorma, Spartina patera, Suada, 
Sdrpus; V, Supra Littoral belt (8-iz feet) less clearly 
defined ; chief plants AmmopMla, Sotidago, Salsola, Cakile, 
Sdrpus, Lathyrus, Aster, and others. The authors believe 
j that " the vertical rai^ of a littoral plant is exactly pro- 
I portional to the range of the tide and give " Habit Analysis 
Tables " for each plant, with the followii^ particulars : 
salini^ of soil water ; li^t demands ; upper limit ; lower 
limit ; avenge emei^ence per lunar day ; average sub- 
mergence per lunar day ; ratio of submergence to emer- 
gence : (a) at lower limit, (b) at higher limit. 

Currents disseminate seeds and spores, and break off 
and transport shoots of Zostera, Uha, Fucus, etc. ; or on 
the other hand retard extension by cau»ng mechanical 
injury. Rapid movement favours some forms by increasing 
the interchange of material between plant and water, and 
possibly also by excludii^ competitors (Johnson and Yorit, 
op. cit.). 

On the open shore organic matter cannot accumulate 
much, nor in strong currents and tidal scour. Only in the 
sheltered parts of estuaries, creeks, lagoons, etc., can such 
deposits take place in quantities. On tiie open coast decay- 
ing organic matter (animal and vegetable) may be found under 
fixed stones, boulden, etc., and there offers a suitable habitat 
to certain types of animal life. Atmospheric moisture plays 
an in^rartant part in connection with the littoral vegetation, 
and the problem of desiccation during low tide is complex ; 
. latitude and the accompanying climatic conditions (wind, 
sunshine, etc.), together with situation and aspect, cause 
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many local variations in distribution and extent. Each of 
Cotton's five fonnations enumerated above consists of a 
number of associations, and these may be grouped in a 
manner which varies considerably in different localities. 

It should also be pointed out that many species q>pear 
periodically^ some b^ng but short lived, and conspicuous 
oidy for a few weeks, while others require six or eight months 
to conqjlete a life cycle. Owing to these seasonal phases 
the varying zones may present very difiierent appearances 
and offer different degrees of protection and food supply 
to dicir animal inhabitants during the course of the year, 
and thereby profoundly affect their life-histories and 
distribution. 

The methods of attachment of algse to the substrata are 
of some importance also, as the typical stout disc frequently 
offers shelter to considerable animal communities. Algx 
' with a membranous thallus may be found on the smooth 
faces of schists, quartzites, etc. Yendo (1914) found that 
pure cultures of Glaopeha can be obtained by laying 
quartzite as a substratum while, for Laminaria, andesitic and 
basaltic stones are found most useful (by the seaweed 
cultivators of Japan), as they are hard, yet have many minute 
surface cavities which afford resting-places for the spores. 
Soft stones — sandstones, conglomerates, claystoocs, tuffia, 
etc. — are luuuitable ; only small algs can grow on them : if 
large, the resistance offered to the water movements may 
cause the plants to come off. One or two local phenomena 
may be also noted, such as the extension of algee even far 
above the spring-tide limit, in situations where much spray, 
shade, and terrestrial moisture combine to render such a 
(xtndidon possible, as in the Faroes. Sunlight is of course 
essential for algal growth, and algs may be absent from 
vertical cliffs with a northern exposure (Pearse, 1913-14). 

As is well known, botanists classify plant zones, assoda- 
tiona, etc., by using the names of the dominant species in 
each. Since algs are abundant on almost all rocl^ shores, 
this nomenclature can be atnvementty used in describing 
almost all the various types encountered, though some 
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difficulties occur in dealing with wide sandy and muddy 
areas i^ch are largely barren of plant life, in ^lich case the 
name of a dominant animal species must be used. 

The first zone encountered is either the Salia)metum 
(typical pDmt Sdkonaa, the Salt-wort) of muddy or sandy 
coasts, or the Bnteromorpha Association. The latter, how- 
ever, varies in position with regard to the manner in which 
firesh water appears along the shore-line. At times it ioma 
a bright green band near high-water mark, but by the end 
of summer much of it may have been killed by drou^t, and 
then appears as a band of white dead tissue (Cotton, 1912). 
The succeeding Fucaceie Associatioii, typical of exposed 
coasts, is of especial ecological value and affords a good deal 
of shelter for other forms. Cotton {op. cit.) gives ^e typical 
sequence of species from above downwards, as follows : 
I, Pehetia canaUadata. 2. Fuaa spiralis (disappears under 
very sheltered conditions). 3. AscophyVum nothtum (needs 
a moderate amount of shelter). 4, Fuais vesicidosus (cannot 
stand exposure). 5. F.serratus. 6, F. ctranoufef (admixture 
of fresh water a necessity). Many epiphytic species take 
advantage of the size of, and shelter afforded by, these 
Fucoids which, vi^en present in abundance, impart a most 
marked aspect to the shore, obscuring the rocks with their 
masses durii^ low water, and waving in dense groves buoyed 
up by their bladders durii^ the tidal period (cf. Plate Vlll). 

The Fucus Associations of Achil Sound showed the 
following widths ; 

A. Sloping shore, belt B. Flat shore, belt wide, 
narrow. 

1. Pehetia, 2-3 feet. i. Pehetia, 5 yards. 

2. F. sptraHs, 5-6 feet. 2. F. spiralis, 10 yards. 

3. F. vesiculosus, 10 feet. 3. F. vesiculosus, 40 yards. 

4. AscopkyVam, 10 feet. 4. AscophyUum and F. veti- 

ctUosus, 30 yards. 

5. F. vaicuhtus, 10 feet. 5. F. vesicuhsus, 50 yards. 

6. F. serratm, 10 feet. 6. F.vesiaihsvs and F.serratus, 

50 yards. 
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Baker (1909-1910) states that the species of Fucaces 
inhabiting the upper portton of the tidal zone can resist 
desiccation both during gennination and vegetative growth, 
and that those seaweeds that best resist this danger are of slow 
growth. On the other hand, those that grow rapidly are 
the least tolerant of desiccation, which factor would be 
aufSdent to cause their exclusion £rom the higher zones. 

Observations have recently been made regarding the 
density of these algal groves at Port Erin, Isle of Man, the 
weed being all cut away from a square foot of surface. In 
one case, at half tide, where Fucus commenced, 35 stalks of 
F. serraius were counted, in another instance 352 stalks of 
F. vesiadotus were found, arisii^ from 12 " roots." On the 
upper edge of the Laminarian Zone 6 to 8 stalks of Fuais 
occurred and mingled with an equal amount of Laminaria ; 
2 feet lower down the place of Fvcus was entirely taken by 
Leaimuiria,9.t times 36 sbdks to the square foot (Mayne, 191S). 

An interesting example of the interaction of plants and 
animals is furnished by a case of an excessive growth of 
Uha investigated by Cotton (1911) in Belfast Lough, 
' Mussels can cover ground on which the common green 
alga Vha latissima cannot find anchorage until preceded 
by mussels, which tlien form a suitable foundation. 
Absence of rough water is also important as otherwise 
the alga becomes torn. The Sea-lettuce has been proved 
to be able to thrive in either pure sea-water or polluted 
brackish water, to which latter it has probably become 
adapted. In polluted brackish water Vhia absorbs quan- 
tities of ammonia, and its tissues are found to contain a 
much larger proportion of nitrogen than those grown in 
pure sea-water. The results of this excessive nourishment 
are seen in an increased rate of growth ; the fronds are 
of a different texture and darker colour, while there is 
also a tendency for spore formation to remain in abeyance, 
the growth bang rank latlwr than healthy. The investi- 
gate^ considered that the Vha, which was a decided 
nuisance in the locality, would not be suppressed until the 
musseb were exterminated. 
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The vegetation of rock pools differs according to their 
situation within tidal range, geological nature, size, depth, 
configuration, ten:q>erature, illumination, and drainage. 
Their species are perennial and more or less constant. In 
upper pools encrusting forms are conspicuous (Cotton, 1912). 
Pools may become too warm for certain species, while others 
are foimd in these situations beyond their normal limits, as 
in the case of some tropical species. Skinner (1903) found 
that the higher the elevation of the pool, the fewer the 
species, though the greater may be the number of the 
individuals ; ihe more gradual the slope, and the rougher 
and more irregular the sides, the more abundant, however, 
becomes the plant life. 

The Corallines and others are protected by a deposit 
of carbonate of lime. The Lithothamnion Associations 
which occur in Arctic, Temperate, and Tropic regions are 
often known as " Coral Banks," and play an important part 
in the formation of coral reefs. 

The tidal zone in the tropica is, as a rule, poor in vegeta- 
tion, and often absolutely barren down to i metre below 
low-water noark, except where the surf constantly breaks. 
This is due to the killing of spores and seedlings by intense 
' heat ; calcareous species such as Liihothammon, however, 
,' may exist in enormous number. In other cases, in summer, 
the tidal algas may become so dry as to break to powder 
between the fingers, and yet on the return of tide are able 
to resume their normal functions (Yendo, op. cU.). On 
the other hand, many algfe can survive temperatures below 
3° C, but may succumb to the attrition of floating ice. 

Mention must also be made of Maritime Lichens. 
Lichens occur on three forms of substratum, (i) Rocks 
(sazicolous) ; (2) bark of trees, or wood (corticolous) ; and 
(3) soil (terricolous). The shore forms naturally belong 
diiefiy to group (i). They have been studied in several 
localities. Knowles (1913) described five belts for the Howth 
coast : (a) a wide beh characterised by RamaBut and extend- 
ing landward from just above high water, {b) the orange bdt, 
due to spedesof Physcia and Placoditm,(c) Lufutia vegetation 
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aemi-marine, (d) the Verrucaria maura belt, normally occupy- 
ing the shore between high neap and high spring tides, and 
(«) a belt of marine Verrucarise, marine encrusting species 
submerged by the tide each day. 

Finally, at the seaward margin of the shore is found the 
great Association of the Tangle weeds, Latmnaria, only un- 
covered by sprii^ tides, and accompanied by a rich founa 
(see Plate X). 

In addition to the horizontal zoning above described, 
there exists on the shore a distinct vertical stratification, 
afiectii^ both the plantt and animals. We find species of 
plants and animals forming associations of varying heights 
above and below the general sur&ce level (just as in a wood 
there are species on and under shrubs and trees, each showing 
sub-^pes), while epiphytic species may be found on all. 
Similarly, the animals inhabiting the sea-shore show both 
horizontal and vertical zoning. Different assemblages of 
anJTPi'W accompany the different algal zones and associations, 
Mfiale there are distinct animal associations and communities 
of mud and sand attached to rocks or boulders, or boring 
into rocks ; living among algse ; free-swimming, or fioating ; 
all with their distinct and typical features. Some examples 
will be given shortly. 

Niunlien ol Shore Population.— As to the actual 
* number of species found within tide-marks, it is exceedingly 
' difficult to give any accurate data, most enumerations of 
local founaa extending much deeper than low-water mark. 
Some of the faunas are extremely rich in species : Whitelegge 
(1889) enumerated 2136 species for Syi^ey Harbour ; the 
Irish Sea ]nelded over 1680 species of Invertebrates; 
Trieste, 1268 (Dr. Graafe), and Woods Hole the same 
(Sumner, 1913), while 1213 were recorded for the Firth 
of Fortii (Evans, 1909), etc. 

Undoubtedly by far the largest number of the species 
inhabiting the tidal region occur between the limits of low- 
water neaps and low-water springs. The spedcs able to 
endure e^>osure to air every twelve houra are con:q>aratively 
few in number (although ^ere are a small minority that 
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require periodic exposure) and every few inches below the 
liniit of low nestp tide adds numbers of species to the list, 
provided that physical conditicms remain suitable (Farran, 
1914). Aa f ar as actual numbers are concerned the floating 
population (Plankton) very eaaUy take first place. Although 
only temporary inhabitants of the shore they must play a 
very important part as food for the sedentaiy and sessile 
members of the shore communities durii^ thdr periods of 
activi^, when covered by the tide. Herdman (1919) states 
that durii^ March or April some millions of Diatoms may 
usually be obtained by haulii^ a small silk tow net for about 
five minutes through about half a mile of the surface water 
of the Irish Sea ; similarly during July-August tens of 
thousands (up to 214,000) Copepods may be thus obtained. 
Estuarine faunas show a marked paucity of species, as com- 
pered with rocky shores, althoi^!:h the actual number of 
individuals present may be large. 

The number of individuals of certain species occupying 
quite a small portion of the shore is Aiequently enormous. 
Thus a square yard of a Sabeilaria colony has beoi estimated 
by Herdman (1920) to contain nearly 30,000 worms (see 
Plate V). The same writa has shown that one square 
;foot of rock may carry 2940 barnacles {Btdanus balanoides). 
' The wall of a cave at the south end of the Isle of Man was 
covered with the small red Ascidian Styelopsis grossulana at 
the rate of over 50,000 to the square yard. Counts of other 
common shore animals were made by the same writer, 
and gave the following results : Patella, an average of 29 
to the square foot ; Purpura (two counts), 72 snd loi to the 
square foot. The number of beadlet anemones {Acti»ia 
eqmaa) found in rock pools averages over 46 to the squsre 
foot. Some idea of the numbers of lug-worms {AreniaJa 
mariad) present on a sandy shore may be obtained from the 
view ^own in Plate VI. Ashworth (see Herdman, loc. 
cit.) estimated the number of these worms present betweei 
tide-marks in a portion of beach about a mile in lei^th at 
3 to 4 nullion. 

Tlw Aolmid A woototlong ol « Bodqr Shan.— The animals 
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of rocky shores can be conveniently studied in groups 
according to the positions occupied. Farran (1914) 
arranges those of Blacksod Bay, Co. Mayo, as follows : 
A. Animals eiqKMed to the air on stones, rock fuxs, or 
weeds ; B. Animals found under stones ; C. Animals living 
in crevices of the rocks ; D. Those living in Lammaria roots. 
Group A. includes such species as the barnacle {Balanut 
baimoides), the periwinkle {Littorina), dog-whelk {Purpura), 
MottotbiUa crassa, Gibibula umbiHcata, and limpet (Patella). 
Low down but exposed come the sponges HaBdiondria 
pamcea and Hymeniaddon eanmcula. On overhangii^ 
rock fiaces, and not so liable to desiccation, are the " purse 
sponge " {Sycon compresston) and " dead men's fingers " 
{AUyomum d^itatum). Still lower are SpongeUa frt^iks, 
SpirorbUy the bivalves Ptcten varius and Mytiba edulis, and 
the Tunicate Pha&isia mentula. On Fucoid frtmda: 
Hekum peliuciAtm, Lacuna dtvarkata, L. parva, L. paBtdula, 
and again Spirorbis. 

B. Under stones, on sand, and near h^h-water mark 
are the Amphipods Orchestia, Gammarus, TaUtna, and the 
Isopod Ligia. with beetles, mites, and springtails. Lower are 
Lineus ruber and other Nemerteans, the Polychart Ctrratuku 
cirratus and numerous Oligocluets, and the common shore 
crab Carcitms. Nearer low-water mark stones in muddy 
sand or gravel shelter sand-burrowers, with Polyctucta pre- 
dominant ; Stfienelms boa, Nereis cultrifera. Lattice amckUega^ 
etc., also Tubifex benedem and the Crustacean NebaUa b^. 
These communities are small, however, compared unth 
those near low-water mark under loose stones partly sub- 
merged, or at extreme low-water mark. The lists include 
20 Porifera, a Ccelenterata, 9 Echinodermata, 5 Turbellaria, 
9 Nemertea, 39 Polyducta, 13 Crustacea, and 35 MoUusca. 

C. In crevices of the schist, vdiich usually contain a thin 
layer of mud, are many individuals, chiefly representatives 
oi classes of worms : Polyclueta, Nemertea, and Gephyrea 
(30 species in all), with the rock-boring bivalve Saxicaoa, and 

D. Laminaria roots of three species dtgitata, saccharina. 



b, Google 



50 THE BIOLOGY OF THE SEA-SHORE 

and hulhosa. The roots are exceptionally exposed to the 
airandtbefollowing, among others, inhabit them: I58pecies 
of Turbellaria, 12 of Nemertea, 67 Folydueta, Phascohtoma, 
6 Nudibranchs, and many others. Farran auggests that 
collecting from Lammaria roots would seem to furnish 
a reliable basis for the comparison of littoral faunas of 
different countries. As many as 66 species of worms have 
been obtained from half a dozen roots. The method of pro- 
cedure is to tear the plants off the rocks, cut away the stems, 
and submerge the roots in water, in dishes. Some spedes 
soon collect around the margin, others require prolonged 
soaking, and a succession emerge in two or three days. At the 
end of three daysputrefaction begins, and tube-dwellers usually 
emei^ and fall to the bottom of the dish. Now add a few 
drops of formalin to hasten the process, throw away the roots, 
and examine the debris at the bottom of the dish. 

Zoning of ttu Animal Fotiu d a Bookr Sbon.— 
Zoning is very well exhibited by the Trochids and Lit- 
torini^ of the shore. Investigations in Cardigan Bay 
revealed the presence of nine spedeA which (allowing for 
local differentiation and overlap) show the following succes- 
sion, from above downward : 

Littorma nmUndes. 

L. rvdU. 

MmodoiUa crassa. 

L. obtusata. 

L. Uttorea. 

Gi^ntla umbUicata, G. magus. 

G. cineraria, 

CaJUostoma aciaypkimis. 

The presence of L. obtusata is dependent on that of Fucoid 
Algc ; C. gixyphinus is rare in that area and G. magus, local ; 
L. neritoides is constant when conditions are suitable, and 
requires a rocky foreshore affording crevices just above high- 
water ToaA, and not exposed to the midtky sun and the 
resultii^ desiccation (Walton, 1913). In other countries 
different species of periwinkle inhabit the supra-littoral zone ; 
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L. eidgua in Japan (Mitziikuri, 1902). Ilie periwinkle Tee- 
tarwt in New South Wales is stated to withstand the hottest 
sunshine (Kesteven, 1903), while Melare^he is described by] 
Hedley(i9i5)as leavii^its small rock pools for dryland should 
conditions in them become unsuitable during neap tides. 

In Cardigan Bay the Littorinidas persist in the areas 
deroid of Trochidse, the presence of which ia apparently 
correlated with shore drainage and the ^pe of rock or 
soil from n4uch it flows; their presence or absence 
may depend on the lime content of the water. Thus 
M. crassa can be seen to break zone and follow seaward 
streamlets flowing from boulder clay. At the mouth of 
the River Wyre, near Llanrhys^d (and probably else- 
where), there occurs a curious lateral zoning due to 
the influence of fresh water in bulk. The spawning 
habits of the Littorinidie are likewise adapted to their 
different life conditions in a most interesting manner, as 
will be noted elsewhere. Even the coastal and shore fishes 
are subject to a zonal distribution. In the Plymouth area 
the Gobiidx have the following distribution. The most 
estuarine form ia Gobius micropt, the young occurrii^ in the 
Sound and even outside the breakwater, while the adults 
are found in brackish, or frequently nearly fresh water. The 
black goby (G. niger) and spotted goby (G. ruthenspani) also 
occur in estuaries but near the surface, not at the bottom ; 
the rock goby {G. paganeOus) is common under stones at 
the level of die lowest spring tides, while the freckled goby 
(G. ifttNuftu) never appears to go ^ frism shore. On the 
other hand, the painted goby (G. pictus) is found in more 
open water, and G. dongaha and G. jeffreysii are deeper 
water species (Lebour, 1919). 

The Animal AModattoin ot a Sandr Shora.— Recent 
investigations of sandy shores and cockle beds on the 
west coast of Great Britain have brought out not only a 
distinct zoning, but a very interesting stratification (Walton, 
1920). Broadly, these strata are ; 

1. Floating and swimming tidal spedes (Plankton). 

2. Surface-dwelling species, Pahidestrina sU^naSs, etc 
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3. Stratum of cockle (fiardium eduU), 1 to 2 inches below 
surfece. 

4. Stratum of the two bivalTes Macoma baUhica and 
Telhaa, 2 to 3 inches below suiface. 

5. Stratum of lug-worm {Arenicola marina). 

No doubt further subdivisions could be enumerated if 
the other speciea of Amielida which are usually present 
were more carefully collected. We agree with Farran 
{op. at.) in ccHisidering that the variations in the fauna of 
sandy beaches dq>end largely on the purity of the sand, 
and the proportion of mud present. The plants Zostera, 
Ruppia, etc., modify sand founas considerably, as many 
animals live on the blades, and many worms among the 
roots. The slope of a beach modifies its capacity for retain- 
ing moisture, and is thus of importance. In fine clean sand 
Farran found the anemone CyUita vndaia (on C. eduU), 
4 Nemertea, 3 Echinoderms, 17 Molluscs : TeUina, 
wedge shell (Donax), Tapes, cockle {Cardium), etc.), and 
3 species of Crustacea, 24 of Folychsta, and the Sand Eel, 
Ammodytes (cf. Plate VII). 

Most of the sand-dwelling spedes of MoUusca are 
burrowers, and being subjecteid to considerable pressure 
from shifting of the surrounding loose material, have in 
many cases developed stout, more or less globular shells, 
such as Isocardia, Cardium, Venus, and others. In propor- 
tion, however, as the bivalves seek shelter from the strains 
of the shifting sands, other in quieter waters, or by burrow- 
ling deeper, so the shell in response tends to become less 
' heavy and solid, and to assume a flatter shape, permitting a 
more rapid passage down into the silt (see Fig. 5, p. 74). This 
is seen in TeUina, Scrobicuiaria, and others. This deeper 
burrowing is accon^>anied by a lengthening of the siphons 
to ensure proper respiration, and tMs in turn results in the 
prolongation of the posterior portion of the test, to house 
them, until in the deepest burrowers such as the " Gaper " 
(Mya) and " razor fish" (Solen), the closed shell is abandoned, 
and the valves function solely as fenders against lateral 
pressure from the surrounding silt (Woodward, 1907). 
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Mmn AModathm. — A distinct and interesting animal 
association which must not escape our notice is that occurring 
among the jetsam deposited by the waters at high-tide maik. 
The most inq>ortant form is undoubtedly the sand-hopper 
Taktrus locusta, which performs useful woi^ as a scavenger 
by devouring plant remains. Other forms with the same 
food are Staphylinid beetles and Endiytneid worms. 
Feeding on decaying animal remains are the flesh-flies 
^arcophagui) and carrion beetles {Necrophana). Associated 
mth these again is a predaceous fauna consisting of spiders, 
tiger-beetles, etc. (Davenport, 1903), and finally birds 
(crows, jaddaws) can general^ be seen pickii^ over the 
heaps and taku^ their choice of the forgoing. 



THE STRUGGLE FOR ESISTENCB AMONG SHORE ANIMALS 

A few remarics may not be out of place here regarding 
the stni^e for existence among the inhabitants of the shore. 

This struggle falls into two categories : (i) against 
phyncal conditions which have ah-eady been discussed, and 
mil be treated further in the next chapter ; and (2] the 
interactioD and competition of species with species, and 
individual with individual. 

BOeet ol Cormits aa Dispenal ol Shore Foms.— 
In this connection there arises a factor that has not yet been 
I discussed, viz. that of currents as agents in the dispersal of 
shore forms, both plant and animal. Many of these are, 
in their early stages, either free-swimming or floating, and 
are then carried to and fro, and hither and thither, by the 
tides, and are thus temporarily members of the Plankton. 
They are thus, for a time, removed from some o( the ^ical 
dangers of the tidal zone (thoi^h exposed to some otiiers). 
Many cA these forms return to settie near their point of 
origin, while many others are, naturally, carried far by tidal 
cuirents, and n4ien ready to assume the sessile, crawling, 
or burrowing stipes of later life, may have arrived in a region 
either more or leas favourable thui that from which they 
were transported. Thus dispersal commences. Those 
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earned into unfavourable environments will succumb, while 
those that are more fortunate in this respect are still faced 
with the problem of obtainii^ a foothold, since in &vourable 
localities almost every possible spot may be already pre- 
enq)ted. These factors may prevent llie appearance of 
certain species in many localities, but should even small 
changes occur in a locaU^ un&vourable to some form or 
fonns, immigrants may at once appear. Given a foothold, 
a further stru^le ensues, namely, that for maintenance of 
life in competition with the local species ; while yet a final 
stage exists, in which reproduction and the fixation of the 
young must again be accomplished before the species can 
persist as a regular member of the community. Occa- 
sionally a new-comer may be better fitted for the struggle 
than some local species, and will then more or less r^idly 
increase its numbers and range until checked by encounter- 
ing limitii^ factors once more. 

Introdootiini ol New Fothu. — The following are instances 
illustrating the above : 

Among the alge, Colpomema smiata appeared suddenly 
,on the coasts of Brittany and Cornwall, and in the coiu% 
' ! of a few years became completely naturalised over a large 
area on both sides of the English Channel (Cotton, op. cit). 
Hedley {op. at.) records that in Sydney Harbour this species 
is likewise active, and says that " occasionally the Zosteretum 
is invaded by the Bubble-weed C. smuata (see Stead, 
1912). This pest spreads over the flats, smothering other 
v^etation and attactui^ itself to the oysters, whelks, or 
cockles. When the gas forms in the expanding balloon it 
lifts the shell and floats it away, so that oyster plantations 
ate sometimes seriously denuded by its agency." The same 
writer notes that certain species periodically colonise within 
the area (Sydney), being brought by the Notonectian flood 
{torn the tropics ; BoneUia, for instance, then gains a footing, 
but perishes when the flood swings offshore ; Strombus 
tuhuanus, common] and conspicuous on coral reefs, was 
abundant on some rocks, but disappeared from May, 1865, 
to April, 1896, when it reappeared. 
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The periwinkle, L. littorea, appeared for the firat time 
on the coast of Canada at Bathurst, New Bnmswich, in 
1S55, and spread thence by stages southwards. It was 
recorded from the Nova Scotian coast in 1868, then 
from Mune, and so onward as far as New Haven and 
Newport (Rhode Island) by 1880. It is believed to have 
beoi transported in the first instance in ballast. Further 
south than New Haven the animal has encoimtered its tem- 
perature limit, namely, water of 26° C, a temperature fatal 
to its floating masses of ova. Its southern limit on the 
coasts of the Old World is the Gulf of Gascony (Pelseneer, 
' 1914). The struggle for foothold is well exhibited by the 
/ common Cirriped BaUotm bahnoides, which colonises even 
. the most wave-swept rocks and boulders. During the 
recent observations in the Port Erin district, already men- 
tioned (Mayne, 1918}, this species was found to be most 
abimdant on rodts between three-quarters and full-tide 
levels, growii^ thickly on the big boulders and flat-topped 
rocks : in all cases on the metamorphic " Manx SUtes." 
On the limestone shore at Fort St. Mary patches of small 
ones were found, but sparsely scattered between compara- 
tively large areas of the alga Enteromorpha, and the two 
never seemed to inhabit the same piece of rock. In this 
connection Orton (1915) records a case at Plymouth in which 
specimens of Patella (the common limpet) had eaten out 
paths in the green algs (chiefly young Enteromorpha) on 
cement piles between tide-marka. These paths radkted 
from the " scar " of the limpet, and showed fine lines made 
by the teeth of the radula : Balanus spat settled along these 
cleared spaces. 

Miss Mayne carried out some enumerations of Balattut, 
uung a wooden frame one foot square, which was laid upon 
the rock, and all within counted by hundreds, and ticked 
o£F with a blue pencil to avoid errors. In one case 2940 
occurred within a square foot, varying in size frtim -^ inch 
to f inch across the base ; while of another lot (in 
another place) 1138 were counted within a square foot, the 
average nze beii^ | inch, Petersen and Jensen (1911) 
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observe that Blennies se^ clean objects on which to featen 
their eggs, and any fresh and hence uncoated object will 
usually be so covered within twenty-four hours. 

Eixdogioal SoootMiiiL — ^An opportunity to observe the 
colonisation of a new area by shore forms was provided 
by the openii^ of the Kiel Canal, which connects the Kiel 
Bt^t with the Lower Elbe and is some 62 miles long, in 
the summer of 1895. Up till the time of opening and for 
a short period aft«ivards the canal contained only fresh 
water, and consequendy supported a fresh-water fauna and 
flora. The ousting of fresh-water forms from the canal, 
and their gradual replacement by marine species, has been 
described by Brandt (1897). Owing to seasonal changes 
in the amount of water entering the canal and to the periodical 
opening and shutting of the lock gates, the salinity of the 
canal water is subject to considerable variation. This is 
a feature of importance. 

The first phase of the colonisation of the canal with 
marine oi^anisma conusted in the penetration of plankton 
and the free-swimming larvse of calentera, worms, crus- 
taceans, and molluscs ; the second phase in the development 
of sudi forms, which derived thdr nourishment from the 
plankton (no other form of food being present). Up to 
the autumn of the year in which the canal was opened only 
planktonic organisms and plankton-feeders were present 
\e.g. Myiis vulgarii, Mytiha edults, Balatms tn^rovisia), 
together with such forms as live on the remains of dead 
organisms {e^. Gattmarut locusta). In the mnter of the 
same year and in the following spring came the third 
phase, ugnalled by the entry of animals which prey upon 
plankton-feeders : starfish, larger Crustacea, fish, etc. Con- 
temporaneously, other rivals to the plankttm-feeders put 
in an appearance in the shape of species with a similar 
mode of feeding, so that the mussels, for instance, 
decreased considerably in numbers. Following almost 
immediately upon this phase came the fourth : the appear- 
ance of plants (alg«) along the banks. As soon as the 
a^ were present in good numbers other animals which 
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Zoning of Brown Seaweeds on Shore of Cove Bay, Kincardineshire. 

1 canoticulata- 2. Fucua plaiycarpuB. 3. Aacophifllum nodnsum with 
'""■■"■""" ' " veaicuhMue, 5. FucUB serratua. ti. Latninarin 
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find coocealment and nourishment among them were able 
to cokxiiae the canal. So far, however, no Fucut or Zostera 
was present in the canal, and no Paltemon or Neropfas. Ilie 
sea-urchin occurred, however, and in the absence of Zostera 
fed on Enteromorpha. Species of Idothea, Sissoa, and Lit' 
torma were present in small numbers. A few mud-dwellers 
bad put in an appearance in addition to several worms. 
The brittle-star OpMi^fypha entered the canal some eighteen 
months after the opening. Many mud-worms, mud-fre- 
quenting Nematodes, and forms such as Scrobtcularia, Mya 
tnmcata, Aeera bullata, Morula, etc., were still absent in 
the autumn of 1896 and could not appear in any numbers 
until a more copious deposit of mud had been formed by the 
decomposition of the algae growing on the banks. At that 
stage a slight mud deposit had already accumulated from 
the remains of dead planktonic organisms. 

Sorby (1901), in Uie course of ten to twelve years' collect- 
ing along the coasts of Essex and parts of Suffolk, has noticed 
that while certain forms ^)pear to be more or less constant, 
many others show very con^derable changes both in their 
distribution and frequency of occurrence. Various Victors 
are no doubt concerned, such as octremes of temperature 
(particularly cold), <7clical weather changes influencing 
salini^; human agency (^>erating through the discharge 
of sewage in estuaries, the dilution or contamination of 
estuarine water resulting from the drainage of fields, the 
taking of fish, shrimping, and the various operations of 
oyster culture, etc. Sorby claims to know of a case in which 
the largely increased amount of fresh water entering an 
estuary at a time of heavy rains killed off thousands of pounds 
worth of oysters. 

A mussel bed ilhistrates vividly the competition within 
a species, m. between its individual members. These are 
frequent^ so numerous as to occur growing upon one 
anotheruntil they are several layers deep and actually smother- 
ing and poisoning one another by the accumulation of waste 
products and the silt, etc., that setties anumg their masses. 
The manner in which the various members of the shore 



b, Google 



58 THE BIOLOGY OF THE SEA-SHORE 

associations and conununities prey upon one another will be 
treated in a later chapter, and it only remains here to stress 
the fact that, in addition to the struggle that is maintained 
among themselves, they are subjea not only to the pre- 
datory visits of creatures belonging to the deeper waters 
during iagh tide, but also to incursions by land forma during 
the periods of low water. 

A good instance is given by Stafford (1901), who states 
regarding Mya areturia that, although buried, and hence 
escaping the open direct struggle to which the mussels are 
subject, they are nevertheless preyed upon by a considerable 
number of animals. They may be crashed out by storma 
and cast on shore or left to die in the sun, or ravaged by 
gulls, cormorants, crows, etc. In places along the New 
England coast, pigs systematically visit, root up and eat the 
clams. In Greenhmd they are sou^t after by walrus, 
Arctic fox, and birds. Their siphons are often found in 
the stomachs of fish such as flounder and sculpin, which also 
eat the yoimg, while cod will eat them if they get the chance. 
Starfish are one of their greatest dangers, and the whelk 
bores holes in the shell. Crabs are likewise enemies. Man 
is a great enemy, leaving many exposed, to die or fall a prey 
to other creatures. M'lnto^ (i^) found that the ova 
of the Lumpsucker, Cyclopterns luir^ms, were eaten by rooks 
and other birds, while at the same time (April) cod were 
found to be distended with the same food. The same 
authority records that another common bird, die sparrow, 
has been noticed to be destructive to the young flounders 
in the harbour. " At ebb-tide in May this bird watches by 
tiie side of the tiny pools in the mud and seizes on a young 
flounder whose prominent glistening eyes (minute though 
they be) are sufficient to betray it, though its almost trans- 
parent body is immersed in die mud. It then lays it on 
one side, and watches for another, and so on until it has a 
fair mouthful to carry to its young " (M'Intosh, 1888). 

Of the destructive action of sea-gulls, one instance must 
suffice. Scott (1915) writes that on visiting the Bardsea 
cockle beds in MtM-ecambe Bay, his attention was drawn to 
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a flock of gulls which were feeding on the sands. Their 
excreta proved to consist of well-defined heaps of white, 
pale pink, and da^ shells. The white proved to consist 
of barnacles, the pink of " henpens " {Macoma), and the 
dark heaps of mussels comminuted. All the heaps were 
practically pure, showing that the birds had confined them- 
selves to one type of food at a time. Finally, a monkey, the 
Crab-Eating Macaque {Macacus cytiomolgus), derives its name 
from its habit of feeding on crabs from the brackish waters 
of the lagoons and swampa of the Malayan coast. 
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CHAPTER IV 

Special Problems op Shore Life 

While ereiy well-marked type of environment has special 
features of its own, which tend to give its fauna a cha- 
racteristic " Nicies," nowhere are such features so 'raried or 
so &r-reaching in their effects as on the sea-shore. Not all 
the important factors affecting littoral animals are entirely 
peculiar to the sea-shore. During periods of storm, for 
instance, the marg^ of large froh-water lakes and the 
animals Uvii^ there may be poimded with a violence equal 
to that of marine waves ; moreovef , the waters of the same 
lakes are subject to fluctuations of level known as " sdches," 
which though very slight may possibly have results on the 
fauna comparable to those caused by ocean tides. These two 
phenomena, however, wave-impact and the fluctuation of 
the water level, are so much more important as they occur 
on the sea-shore, that the problems they present can 
Intimately be regarded as " special " to the ^ore area. 
Since £u:tors of this type, togedter with others of a kind 
unparaUeled else\t4iere, give the shore fauna its cha- 
racteristic impress, it becomes necessary to examine them 
thoroughly as r^ards both their nature and effects. From 
the point of view of the organism, each of the features we 
are about to discuss affords a particular problem the solu- 
tion of which is imperative if the animal is to survive. As 
one mig^t expect, the same problem is met in various ways. 

THE problem of THE TIDES 

An outstanding feature of the tidal zone is that, while 
its upper limit marks the permanent boundary between two 
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entirely different habitats, the area between this and the 
lowest limit of spring tides is one in which marine and 
terrestrial influences predominate alternately. In other 
words, the tidal area is a sort of " Tom Tiddler's groimd " 
where land and marine animals may play alternately, pro- 
vided they can find some means of passii^ the intervening 

' periods. This is- not difficult for the roving hi^er forms 
like m a mm als, birds, and fishes, but the lower forms itduch, 
as it happens, form the bulk of the shore population, are 
mostly incapable of rapid displacements and require special 
adaptations of structure, junction, and behaviour if they 
are to reast the set of conditions which is inimical to their 
particular case. 

Tilt problem for animals breathing atmospheric oxygen 

. is the reverse of that which confronts typically marine 
oi^anisms breathing the oxygen dissolved in water. And 
since the overwhelming majority of shore animals are of 
this latter class, the problem for us to consider is how 
animals breathii^ dissolved oxygen can endure protracted 
periods of drought. We shall not, however, omit to discuss 
the not infrequent cases of the reverse ^pe, particularly 
as these afford fine examples of evolutionaiy progress. 

Anportinoe ol Book Poida and ol Algte.— To some extent, 
the problem of the tides, so far as the typically marine forms 
are concerned, is solved by the permanent occupation of 

' pools ; this is particularly the case on a rocky shore. More- 
over, even on retreat of the tide, a considerable amount of 
mdsture is retained by sand, stones, and espedaUy algee, the 
function of the latter beii^ equl^ent to the soil mulch 
adopted by agriculturists in regions of low run£aU. Need- 
less to say the greatest advantage is taken of this feature of 
the environment. One has only to turn over a mass of wet 
Fuats, at low tide, to disclose countless numbers of Gam- 
marus bidii^ in the damp weed, and the removal of a flat 
stone will give a umilar result. While sedentary animals 
have been constrained to respond to the tide-fector by 
suitable modifications of structure, the effect on actively 
movii^ forms has been rather to influence behaviour. The 
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pressing need of the noo-sesnle aninial is to keep in touch 
with moisture, and this it may achieve by burrowing, by 
hiding mider stones, in crevices, under seaweed, etc. 

Metbodi ol teslrting DwioogtitHL— Among sessile 
animals, as we have hinted above, there occur numerous 
devices for the retention of moisture. A good exanq>le of 
these is afforded by the acorn barnacles, the commonest 
animals of the sea-shore, in which the limy cup surrounding 
the animal is covered by four plates forming an accurately 
fitting valvular roof. A bubble ofair is sometimes imprisoned 
: by the tips of the valves at low-tide and serves for breathing. 
It is the more complete closing of these valves and the 
consequent rupture of the air-bubble when barnacles are 
disturbed which gives rise to the characteristic clickii^ sound 
familiar to every one who has walked on barnacle-covered 
rocks. 

Though a barnacle can only expand and obtain food 
when covered with water, it is able to live so &r above 
ordinary hi^-water mark as to remain dry for days at a time, 
amounting, accordii^ to VaiUant (quoted by Herdman, 1892), 
on an average, to ^ths or ^tbs of its life. The same woi^r 
has determined by experiment that a barnacle can live out 
of water for at least forty-four days. This c^>acity to 
remain for long periods in a condition of suspended activi^ 
is a marked feature of sedentary shore animals, and the 
devices which make it possible are clearly of an adaptive 
nature. One may notice, in pasung, that these periods of 
suspended activity correspond biologically to the periods 
of (estivation or hibernation among land animals, the onfy 
difference of importance being that the periods of activity 
or quiescence on the shore are of very much shorter duration 
and succeed one another at much shorter intervals. 

The opercula of C^asteropod molluscs, homy i^da 
products formed from groups of cells situated on the upper 
sur^ice of the foot, serve a similar purpose to the valves of 
barnacles. In many Polyduet worms {e^. Serpulids) one 
(sometimes more) of the ^11 filaments is enlarged terminally 
' to act as a stopper, which closes the mouth of the tube 
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when the animal withdraws into it. In some cases this 
operculum is grooved on one side and serves as a brood 
pouch in which the eggs undergo development. 

The capaci^ of E^ore anitnab for resisting desiccation 
varies considerably, this capacity bdng in direct relationship 
to the position occupied by the animal on the shore. 

The Littorinidse have progressed a considerable distance 
on the road to a land Ufe. Thus, L. nerittndes lives in shaded 
crevices just above high-tide mark. Its salt-water require- 
ments are satisfied by dashings of spray and the moisture 
consequent on its close proximity to the sea. Tropical 
species of Littorina seem still more capable of dispensing 
with moisture. Cooke (1895) has seen in various parts of 
Jamaica, L. mtricaia living at the top of low cliffs among 
grass and herbage, and at Panama he has taken three large 
spedes of Littorina (L. varia, L, fasciata, L. pukhra) on 
trees at and above high-water mark. 

The following table of Colgan's (1910) gives the maximum 
period of survival of littoral mollusca on (a) exposure to dry 
air, (b) immersion in fresh water, and (c) immersion in water 
of treble the salini^ of sea- water. 



Lktonna 



L. Uttorta . ■ 
HydrMa idtw 
Purpura bi^Jha 
Lauta nibraia bivilvs) 
Trodaa umbaieatui 
Litloriita ubtutata . . 



43 days tt day* 



I 



As mi^t be expected, capacity for resistii^ desiccation 
is accompanied by greater tolerance of fresh water, but 
Lataa nAra and Pakdtttriaa stagnaUs {HydrMa uha) 
form exceptions which are not easy of explanation. 

In spite of the undoubted capacity of these littoral 
molluscs for resisting drought and the importance of the 
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opercula and similar devices in this connection, it is by no 
means certain, as Co%an remarics, that the opercula act by 
perfect exclusion of the fresh water. For how are we to 
explain the fdbt that individuals of littoral species irtiich 
have remained closed for considerable periods when e^osed 
to dry air or immersed in fresh or abnormally salt water, 
return to activi^ almost immediately when placed in ncMinal 
sea-water ? Is the operculum permeable only to water 
contaioioi; a definite concentration of salts ? This seems 
unlikely. To us, the most feasible eq>lanation seems to be 
that the mollusc first makes trial by allowing the operculum 
to relax by a minute fraction. If the result is favourable, 
the animal relaxes still further. The subject, however, 
merits further investigation. 

The habit of tube-buildii^ among Polychiets may, or 
may not, have its primary origin in the necessity for avoiding 
enemies and possibly also wave-shock, but in the case of 
^ttoral Polycluets it is certainly of value in preventing 
desiccation also. Actively movii^ Folychats such as the 
Nerddse have no difficulty in keeping in touch with their 
proper requirements ; moreover, they are able to burrow. 
The habit of btUTOwing is one of the commonest methods 
of avoiding both deuccation and enemies. It has the 
additional advantage that it does not necessarily imply 
cessation of activity. 

The fisherman's lug-worm, Aremcola marma, inhabits a 
U-shaped burrow of which one end is marked by a casting 
and the other by a funnel-shaped hole or depression through 
which the head is probably protruded when the burrow is 
covered by the rise of the tide (Ashworth, 1904). Low tide 
for these burrowing animals is not the time of complete 
stagnation that it is for the sedentary forms. Feeding still 
goes on to a certain extent, but during spring tides and in the 
summer months there is probably conaderable accumulation 
of decaying organic matter whidi, swelled by the excretions 
of the animals themselves, gives rise to progressively un- 
favourable conditions which would result in the death of 
the worms by auto-intoxication if it were not for the return 
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ctf the tide (Bohn, 1901). A pretty way of solving this 
I difficulty is seen in Cirratubis. In this worm one of the 
Ulterior segments bean two thick clusters of IfHig, very 
vsBCular filaments. In the natural habitat all that is seen 
of the worm is this clusta c^ delicate rosy processes gently 
waving in the water of a pool. When Cirratulus burrows, 
these filaments, which are exceedingly elastic, are left pro- 
truding in the waters of a pool and serve to aerate the blood 
while the worm is finding its food in the decaying mud below. 
In this way, safe from drought, enemies, and asphyxiation, 
CmaiiUm is able to live undistiu-bed (Flattely, 1916). 

Ilsttiods (A resisting Drowning emidoyed Iv Shu* Fonni 
bnaUiing Atmoqiheiic Ozygao. — So far, the problems we 
have been discussing are those confronting the essentially 
marine animals which form the mass of the shore population. 
There is, however, another small group of anlirmlB which, 
thou^ the near relatives of typically terrestrial forms and 
) quite incapable of breathii^ dissolved oxygen, form an 
' undeleted part of the shore fauna. This group is com- 
: poeed of forma, mostly insects and arachnids, which are 
making a tentative return to the habitat which their distant 
ancestors may, perhaps, be said to have deserted. The 
difficulty offered to these forms by the tides is the exact 
opponte of the one confronting the marine types. It is low 
tide which is the period of activity for these forms, the 
problem for them bdi^ how to subsist during the periods of 
hi^ water. We may mention here the &ct that die Uttoral 
mite Gamasus (Halidalt^) gUAriusadus has been shown by 
King (1913) to be capable of endurii^complete immersion for 
^ at Irast forty-eight hours. During this time the mite is quite 
inactive, but resists asphyxia by the aid o[ the air imprisoned 
in its breathing tubes. Marine insects are usually Uberally 
covered with hairs which serve to imprison bubbles of air. 

THE PROBLEM OF WAVE-IMPACT 

As the tide rises and fidls successive areas ot the shore 
are pounded by the breaking waves, of^en with tremendous 
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force. In these drcumstancea no animal could possibly 
survive which had not some efficient means either of eludii^ 
or withstanding the impact. And so it is not surprising to 
find that wave-shodi has had a profound influence on shore 
animals, particularly as regards their form and habit In- 
deed, granted the littoral origin of life, it seems not too much 
to consider the sedentary habit as due essential^ to this 
factor. 

To a lesser extent the problem of wave-impact occurs on 
the margins of fresh-water ponds and lakes. The special 
adjustments of fresh-water organisms to withstanding the 
wash of moving waters have been studied by Wesenberg 
Lund (1908), and by Needbam and Lloyd (1916). They 
show an interesting parallelism to those occurring anwng 
shore animals. 

In consideiii^ the question of wave-inqiact in relation 
to shore animak it will be useful to follow Hunt (1885), and 
to distinguish between : 

(a) Animals living on rock or other firm foundation ; 

(b) Animals living in sand or other unstable deposit ; 
and to deal with them separately. 

(a) Ammals living on Rock or Other Firm Foundation 
Forms inhabiting areas of this type have often the 
,' advantage of natural cover in the shape of sea-weed, the part 
' played by the latter in absorbing wave-shock being of some 
importance. This is particularly true of Ascopf^Uum nodo' 
sum, the long (often several yards) strands of which have 
an undoubted effect in smoothii^ out the waves (see 
Plate X). Apart firom this the following are some of the chief 
ways in which the problem is met by this class of animal. 
I I, Occupation of a Sheltered Position. — It is a character- 
istic of shore animals that th^ find shelter in nooks and 
crannies, under stones and seaweed and are rarely fotmd in 
exposed situations. On a bad coast, like that of Cardigan 
Bay, if the strike of the rocks is fairly parallel with Ae 
coast, the dip of the rocks becomes an important factor as 
regards the fauna. Where the dip of the rocks is low, the 
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Entekomorpha Pool. 

Pool above hifch-wBter mark at Millport, Cumbrae, fed by sea-apray and by rain. 
It OQDtaina an interoiitiDg tranaitiooa) fauna, which at the time it was examined in- 
olnded Littorma rvdu, Carcintu motnaa, Jiera marina, Oammarut hcasia, PraceroiU) ulvx, 
braokiab -water Copopoda o£ the genera Kuryunuira, Diaplomtu and HaTpaclicua, the 
Oatraood dflhere, and the conmioD atieklebach (var. Irarhj/pltrui). 
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whole surface is exposed to wave action and the rocks are 
barren, but where the dip is high and seaward there may be 
a good fauna on the more sheltered landward slope. By the 
adoption of a home in the sheltered niches on the landward 
side of these rocks the risk of dislodgment is greatly reduced. 

.- Such situations are largely chosen for the act of spawning, 
as will be seen in a later chapter. Interesting are the ways 
' in which the labours of certain forms are instrumental in 
providii^ shelter for others. For instance, the tunnels 
' bored by Studcaoa rugosa in limestone rocks are occupied 
by the Polycluet EulaHa viridis which is very numerous 
where such shelter occurs. Again, the activity of the 
conunon tube-worm SabeUaria aheolata results in the 
formation of elaborate grottos which afford protection to a 
whole association of shore forms (see Plate V). 

/ 2. Special Powers of Adhesion. — ^Another marked charac- 
teristic of shore animals is the capacity to adhere closely to 
the substratum. Some, eg. sponges, zoophytes, Tunicates, 
remain permanently fixed, and once detached are incapable 
of regiuning foothold and like uprooted plants are doomed 
to perish. Others, e.g. anemones, thou^ normally fixed, 
are capable of securing fresh hold if chance so allows, and, 
in certain cases, are even capable of a limited amount of 
locomotion. 

Others Sfain, viz. Gasteropods, during their progress 

/ cling tightly to the rocks or weeds by means of the broad 
foot. 

The r^ons of attachment of sedentary animals are 
' liberally supplied with mucus glands, but, according to 
Davis and Fleure (1903), it is doubtful whether the secretion 
of adhesive material is always of first-rate importance. In 
the anemones adhesion b secured by the exceedingly close 
apposition of the pedal disc to the substratum, the tissue 
fbUowing every rugosity of the underlying surface. The 
limpets probably adhere in the same way, but according to 
the writers just mentioned the method of adhenon is not 
known with certainty. They say that " limpets will hold 
on very tenaciously to a surface smaller than the foot, so 
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it seems improbable that the latter acts like a sucker as has 
been, suggested. Another view is that the animal is fixed 
to the rock by means of a glutinous substance secreted by 
its foot, but, from examination of specimena allowed to fix 
themselves to plate glass, it seems that this view also is 
unfounded. The most plausible explanation is that it is 
a case of two very closely apposed surbces, the foot being, 
so to speak, rolled out on tiie rock." This is not the case 

' with the barnacle, however, whose powers of adheuon are 
due to the presence of definite cement ^ands vdiich have 
been described at length by Darwin (1851-4). The glands 
with their ducts adhere to the basal membranes or shelly 
plate and the secretion is shed all around the basis. The 
cement issues either in a cellular condition, or, mon 
commonly, as a fine network which forms, at a short distance 
from the orifices of the ducts, a fine sheet or layer which 
has the capad^ of occupying and filling up all inequalities 
in the supportii^ sur&ce. Darwin has seen it, when 
spread over an encrustii^ Fbatra, present an exact model 
of every cell. In Coromtla, a barnacle which is found on 
the whale, the cement has the faculty of penetratii^ into and 
almost blending with the epidermis of the Cetacean. The 
area of attachment of sedentary shore anifnala seems to have 
a similar capacity for fusing with the substratum, so that 
many animals cannot be removed without damage. Probably 
some chemical reaction takes place between the living tissue 
and the substratum (of a similar nature to the dissolving 
capacity of the roots of rock pUnts) so that the rode becomes 
so intimately associated with the tissue as, for all practical 
purposes, to become one with it. This is the case with 
the Tunicates ; some species, e^. the genus Pleurociona, lie 
ilat and are attached to large shells or other objects along 
the greater part of the left side of the body. In some 

' cases, the test is prolonged, especially at the posterior end, 
to form extensive expansions and stolon-like processes 
(Herdman, 1889). 

Littoral Turbellarians are not only by their shape 
particularly well adapted to withstanding wave-shock, but 
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they are pnmded, in additi(m, with special meaoB of attach- 
\ ment. In Convobiia paradoxa the " tail " or pointed hinder 
' end of the body is provided with sticky adliesive papillae 
which enable it to remain firmly attached to its favourite 
weed {Ceramum sps.). These papilLe are elevations of 
the epidermis. Gamble (1893) has roughly estimated their 
power of adhesion by the use of a powerM syringe. Re- 
peated action of an in-goii^ or out-goii^ stream does not 
affect the Cmvohita. It merely sways slighdy in the 
direction of the current without in the least loosening its 
hold on the substratum. This device, according to the same 
writer, is general among littoral Turbellaria ; some forms 
indeed {e.g. PUmaria ^oka) are provided with adhesive 
papiihe over their entire sur&ce. 

A similar method of adhesion has been observed in the 
Nudibranch Anaila cristata. This is a very slimy species. 
Herdman and Clubb (i892)8tate that " in the natural state the 
mucus is chiefly on the foot and especially at the posterior 
end, each individual having a slimy string attached to the end 
of the tail by which it is anchored. This no doubt accounts 
for the manner in which the aAimal is able to live on exposed 
rocks in the wash of the tide. We have several times 
watched specimens of Ancula in a few inches of water where 
there was a strong tide running past the rocks and the 
waves were dashing on them and noticed that they were 
swayed backwards and forwards in the water but were 
securely anchored by their tails." 

In a number of common shore fish, e.g. species of 
Uparis, Gobius, Cychpterus, the pelvic fins have become 
I partially or completely modified as suckers. S[>eaking of 
the function of Uie suckers in young individuals of Cyclo- 
pterus, M'Intosh (1896) says these fishes " adhere to the 
blades of the tangles and other seaweeds and in the mazes 
of these find that safety from the ready application of their 
tudters which would be denied them in the open sea." 

Aflalo (1904) makes a similar statement in regard to 
species of goby : " the ventral fins of these gobies show the 
transition to the disc of the 'suckers' andmany of these fish 
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cling in like fosbion to the rocks, and thiis re^t the force 
of the waves. This method of adhesion must be a great 
cmvenience to these shallow -water dwellers in rough 
weather, when the swirl of the surf would otherwise dash 
them ashore, or, at any rate, transport them far from their 
, eggs. Other fishes, not provided \nth these suctorial fins 
, ordiscs, have to burrow in the sand." According to experi- 
ments by Cunniogham (Aflalo, op. cit.), the fish by pumpii^ 
water with its fins between its body and the object of attach- 
ment sets up differences in the pressure and direction of the 
water which are sufficient to keep it in position. 

3. Fontt of Body adapted to tmrmmsiHg Friction. — There 
] is no fact more evident on the shore than that the nnin^nU 
:which compose its fauna are essentially flattened forms. 
■ Everywhere the need for reducing friction is apparent. We 
have encrusting sponges, like HaJichtmdria and OtcareUa, 
leaf-like Turbellarians, leaf-like or' encrusting Polyzoa like 
Fhutra and MatAranipora, encrustii^ compound Tunicates, 
as BotryUus. Among plants, the encrusting stony Litho- 
tkammon, Melobetia, and others have successfully solved 
the problem presented by the surf. The numerous molluscs 
are all squat forms, thdr shells devoid of spines and mostly 
inornate. Shore Crustacea show the same influence, the 
flattening being either lateral as in Ampfaipods like Gammanis, 
or dorso-ventral as in Isopods like Ligia and in the crabs, 
especially PorceUana platyckeles. 

The " stream-line " form, however, is less common than 
one would expect at first glance. This is probably because 
shore forms are mostly sluggish in habit, and more par- 
ticularly because the impact of the water is not acting, as in 
a river, in one definite direction. Moreover, the majority 
of shore animals are clinging to and moving upon sohd 
surfaces so that they have to meet the water on one ude only. 
lf,as Needham and Lloyd {op. cit.) remark, we take the typical 
fish form and divide it in the median vertical plane and then 
appty the flat side to the supporting surface, flattening it out 
a little at the edges, the form obtained b that of a limpet. 
This shape is very common on the shore and is dir^y 
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traceable to the envirooment. Eliot (1910), in discussing 
the close resemblance between Nudibranchs of very diiFerent 
^pes, says " the general conditions of marine life probably 
make it natmvl that a mass of soft flesh adhering by its 
base, not moving much and not attempting to swim, should 
assume this form." 

Interestii^ variations in form have been noticed among 
molluscs, vHach bear a direct relation to the degree of e:q)osure 
(see Fig. 4). Individuals of Purpura lapiUus, the common 
dog whelk, " occuriii^ in very exposed situations, e^. Land's 
End, outer rocte of Sdlly Islands, coasts of North Devon 
and Yorkshire, are stunted, with a short spire and relatively 
large mouth, the latter being developed in order to increase 
the power of adherence to the rock and consequently of 
resistance to wave force. On the other hand, shells occurring 
in sheltered situations, estuaries, narrow straits, etc., are 
comparatively of great size with a well-developed, sometimes 
produced spire and a mouth small in proportion to the area 
of shell surface " (Cooke, 1895). 

Davis and Fleure (1903) claim that the shells of limpets 
on exposed flat surfaces are typically low and broad, and that 
shells on sheltered surfaces are typically high and narrow. 
This conclusion, however, is only partly conflrmed by the 
observations of Russell (1907). 



(fr) Animals living on Sand or Other Unstable Deposit 

The habitat being unstable no powers of attachment 
will serve the animal, its safety depending practically 
entirely upon the celerity ^th which it can penetrate the 
sand. 

According to Osier, quoted by Hunt (1884), " animals 
: which from their small uze or the little depth at which they 
reside are particularly liable to be exposed, will generally 
burrow readily, but the lai^e species will scarcely attempt 
to bury themselves except in the very young stote." It is 
not d^cult to see that while some Lamellibranchs are 
admirably adapted by their shape to penetrate the sand, 
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others are as evidently ill-adapted. One has only to com- 
pare the compressed and hatchet-llke form of Psammobia 
telUneUa with that of the comparatively globular Cardium. 
In a form like the latter, however, the ridges and other 
outgrowths, when present, servt to give the shell firm 
anchorage. In particular the long spines of Cardium actde- 
atum are of service in increasing its holding powers in the 
fine sand. The excrescences on the shell of C. tubercuiatum 
are of similar value while C. echmatum owes its safety to its 
powers of burrowing and to its spines which , recurved in the 
direction of its tubes, offer the minimum of resistance to 
progress, but the maximum of resistance to dislodgment. 
The long wing-like processes of Aporrhais peS'pelktaii are, 
according to Hunt [loc. cit.), " self-acting pieces of mechanism 
that will in the majority of cases ensure the mollusc being 
ultimately left in its normal posture should it encounter 
wave-currents sufEciently strong to upset it," An individual 
of this species when lying on its back will rock freely back- 
wards and forwards along a line regarded as joining the end 
of the middle wing-like process and one of the ridges on 
the body of the shell, so that a very moderate alternate 
current will cause the shell to resume its normal position. 

The snails Natica catena, Buccimtm undatum, Nassa 
reticulata, Bulla hydates, PkUme aperta have no special means 
of withstanding wave currents on the surface of Uie sea-floor, 
but there is no need of them as they all burrow freely. 

, The method by which starfiahes deal with wave currents 
is interesting. The conunon Asterias lies rigid on the bottom 
with extended arms, its flattened form offering the minimum 
of resistance to the current. Added to this it has the power 
of sinking vertically into the sand. The swimming crab 
(Portunus) can also escape beneath the surface, but in this 
case the sand is shovelled away actively by the swimming 
feet. 

The habits of the sand-eel (Ammodytes) are well known 
to fishermen, to whom it affords valuable bait. Frequenting 

' sandy shores between tide-marks, it escapes wave action by 
burrowing rapidly beneath the sur&ce. 
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U.Buor-*hea(&rf«tnUiua). Vilvea to thOM of Oardium omJmhtm. tha 

ek>ngBt«d, oval m aroM-aBotion, with lidgM •arving the Banw purpOM aa the 

■harp edgoa. Bunowa deep^ and apinaa of the latter.— lb. Profile. 

rMidly.— lb. nwaameinoroas-aeotion. 9a. Taptt mUlatlra. Shape of Bb»D 

Sa. Spinr-aooklB lOardivm aeult- intenuedUta between that of Sa and 3a. 

alum). Almoat ^bnlat. A ahallow Buiruna to a mediom depth. — Bb. 

bnrnwet, tbe nenrved apinea mooting Profile. 

the animal fimd; to the saod. — Sb. The t, Aporrkai4 ptt-pMeaiti. IdV«a on 

■ame in profile. aurfaae of bottom. The wing-lika 

Sa. Ftammobia MUKttla. Valvea prooeaeee are thoupht to aarve ■■ a 

wedBa4haped,miiaboompTeMed. giving oomiUiTpoise, enabling s alif^t oumnt 

a ahape well adapted to deep burrow- to retnm the animal to ita normal 

iag.— 4b. Profile. poaition when overtunied. 

4a. Fentu ecmieoM. Habitirimilar 



b, Google 



SPECIAL PROBLEMS OF SHORE LIFE 75 

THE PROBLEM PRESENTED BY THE VARIABILITY IN TEMPERATURB 
AND SALINITY OF COASTAL WATER 

It is well known that, at a comparatively small depth in 
the Bea, life proceeds in surroundings of exceptional stabili^ ; 
as one approaches the shore, however, the range of varia- 
tion becomes more marked till, between tide-marks the 
water, owing to its shallow depth, and the influence of sun, 
air, and fieah water from the land, is subject to wide changes 
both in temperature and salinity. 

Hie Bfleott ol Vuring Tempentara.— According to 
Mobius (quoted by Semper, 1881), the coastal waters of 
North European countries display considerable seasonal and 
even daily variations in temperature. These variatiotu may 
be observed not only in suiiEace water, but not infrequendy 
at considerable depths. In the Gulf of Kiel, for instance, 
the mean monthly temperature varies, at a depth of 
16 fathoms, between a maximum of 64*4° F. and a minimum 
of 34*7° F. Hedley (1915) gives the highest known water 
ten:q>erature in Sydney Harbour as 7S'5'' F. (July, 1887), 
and the lowest as 50" F. At Woods Hole, on the eastern 
coast of the U.SA., the range is from below freezing point 
to 70° F. ; San Francisco Bay ranges from 69° F. to 42° F. 

Local climate accounts For much variation in the amount 
of heat and cold affecting the tidal region ; the particular 
aspect and ^e of substratum are also of importance. The 
hij^er and more landward portions are naturally most 
' affected. Rock surfaces become greatly heated unless 
heavily overgrown with algse ; rock pools, if deep and shaded, 
will be comparatively unaffected, while shallow pools near 
the upper tidal limits evaporate rapidly. Boulders, etc., 
mil provide shelter not afforded by sand. Wind plays an 
important part in aiding desiccation, and the salinity of the 
water is of some consequence. 

In tropical seas the variation at the surface, even between 
winter and summer heat, is relatively very slight— at the 
Philippines, for instance, not more than z" C. In northern 
seas, so small a variation only occurs at a great depth. It 
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is to this apparently, says Semper {he. at.), " that we must 
refer the fact that many genera of sea-creatures which are 
known as boreal forms live in the north at great depths while 
in tropical seas they Uve very near the sur&ce." 

Correlated with the normally small range of ten^>erature 
variation in tropical seas is the fact that tropical marine 
animals are much more susceptible to wide variations of 
temperature when they occur than are forms inhabiting the 
temperate or arctic zones. With the latter a considerable 
range of temperature above or below the normal produces 
relattvety little diifereoce in activi^, whereas in the case of 
tropical forms even a few d^rees of cold or heat causes a 
marked depression in movement. 

Generally speaking, tropical marine animals hve within 
5° C. of their temperature of maximum activi^ and within 
lo" C. or 15° C. of their upper death ten^ierature. In order, 
moreover, that a marine animal may live throughout the 
year in the shallow or surface waters of the tropics it 
must be capable of surviving at 29° C. For instance, 
at Tortugas, Rorida, when after several hot, calm days the 
temperature of the shallow water over Bird Key Reef rose 
to 33°-38° C, it was observed that large numbers of Diadema, 
Octopus, Fissurella, and other molluscs and smalt fish were 
killed over extensive areas. Corals also were injured even 
when not exposed to the air. Experiments conducted at 
the Murray Islands (Australian Great Barrier Reef) show 
that those corals which die at temperatures below 36*5° C. 
are killed by bang biuied eleven hours tmder the mud, 
but those which resist 37° and above are proportionately 
less sensitive to the smotherii^ effects of mud and may 
survive burial for thirty to forty hours. This suggests that 
high temperature produces death by causing asphyxiation, 
the oxygen of the sea-water being insufficient to sustain the 
increased metabolic activity of the animal (Mayer, 1914). 

Certain forms {e.g. Oslenterates and Sponges) have been 
shown to enter on a quiescent phase during the heat of the 
day in the tropics and to become active again later. Thus 
Annandale (1907) finds that for some hours in the middle 
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(tf the day the currents of the fresh-water sponge SpongiUa 
cease, and the oscular collars are some\diat contracted. 
This is a resp<»i8e to unfavourable conditions analogous 
to the retraction of an anemone at low tide. 

Mayer (foe. cit) observes that it is easy to see urtiy certain 
forms are confined to the tropics as they lose all power 
of movement at from 10° to 12° C. ; indeed, he thinks it 
probable that no single factor is a more effective barrier 
to the extensive geographical range of marine animate than 
is that of temperature. The temperature factor is, of course, 
not always decisive, since, as Mayer points out, the tropical 
Ltmuba pofyphamu from Florida survives being frozen into 
the ice and from near iu northern limit (off Massachusetts) 
continues to move until heated to at least 40° C. Yet it is 
not world-wide, only ranging from Maine to Yucatan. 
Interesting also is the iztX, noted by the same writer, that 
when a boreal animal becomes acclimatised to the tropics 
its upper death temperature is raised, and, conversely, it 
becomes unable to withstand a degree of cold in which its 
northern relatives may thrive. Its optimum temperature 
b, however, raised even more conspicuously than its death 
points, and thus its Victor tX safety against abnormally 
hig^ temperatures is reduced. Anak^us observations have 
been made at Naples, ijriiere Vernon (1899) found that 
the mean death temperature of varioiu invertebrates ranged 
from 34° to 42*3° C, and that it was higher for the same 
species by 0"6'' to vj° in July-August than in March-April, 
this greater tolerance being associated with a rise in surface 
temperature of about to" C. 

Marine AniTpals of the temperate and arctic zones seem 
relatively more tolerant of excessive cold than do tropicalforma 
of abnormally high temperatures . Thus, Cyanea arctica, for 
instance, continues to pulsate even when half its bell is 
frozen into the ice, and after being embedded solidly for 
several hours it revives at once, ^parently uninjured, when 
the ice has melted. 

The above fiwrts are mentioned not for their bearii^ on 
the distribution of marine animate, a subject with vrtiich 
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we are not concerned here, but for the way in iriiich they 
illustrate the problem of varyii^ temperature, a problem 
n4uch is evidently presented in its acutest fonn in the 
shallow waters of Uie tidal zone. 

The effect of extremes of ten^wrature has been to give 
rise to many interesting adaptations to seasonal changes. 
These, as might be expected, are mostly concerned with 
reproduction and are fully discussed under that heading. 
Extremes of heat and cold tend to produce a similar result ; 
f<n' instance, in the Mediterranean, the shallow and stagnant 
waters of harbours, and the like, which are subject to intense 
putre&ction and excessive heating in sununer, are populated 
by species which mostly reproduce in winter and sprii^ 
(Lo Bianco, 191 1). Such conditions are probably rare 
around the coasts of Britain, where cold is a more in^rtant 
factor. Prolonged frosts have been shown to have a material 
effect on mussel beds, particularly those higher up the 
shore, which are uncovered for many hours a day. 
Similarly an intense frost may kill large numbers of cockles. 
In the winter of 1904-5, when the whole of the Lancashire 
coast-line was covered with ice-floes for a considerable time, 
many hundreds of tons of dead cockles were washed up by 
the first gale after the frost had disappeared (Scott, 1909). 
Unfortunately there are very few data dealing with the effects 
of temperature on the occurrence of shore animals, at least 
round British coasts, and a detailed study of a particular 
piece of shore at all seasons should be very instructive. 

Where the cold is so intense as to cause the water to 
freeze, the effect on the shore fauna and flora is particularly 
deleterious. At Woods Hole, where sheltered portions of 
the coast are at times during the winter more or less com- 
pletely frozen over, the movements of ice along the shore 
and through channels, whether due to the rise and fall of 
, the tide, to storms, or to tidal currents, serve to scrape bare 
the large stones and boulders so that they are frequently 
almost or entirely bare of algs v/ben tlie ice disappears in 
the sptii^. The same is sometimes true of the coounon 
barnacle {B. balanoidet) which covers these surfaces in 
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summer (Davis, 1913). For a siinilar reason, so Dr. Bruce 
informs us, Arctic and Antarctic shores are entirely devoid 
of invertebrate animals. 

To some extent, as we shall see in a subsequent chapter, 

the extremes of temperature are avoided by means of 

' seasonal m^irations when the fish of rock pools : blennies, 

' gunnels, gobies, and Crustaceans such as the edible crab 

(Cancer paganis) and lobster (Homarus viUgaris) retire to 

deeper water. 

Goase (see Bate and Westwood, 1863) found shore- 
hoppers {Talitrus locusta) burrowii^ some inches deep in 
decomposing beds of algse, so hot that he could hardly bear 
his hand among them. This occurs in summer when the 
creatures are in need of moisture. On the other hand, such 
beds of rottii^ algse afibrd warm shelter for these animals 
durii^ periods of frost and snow. 

The Bfleoti ot Varyios Salinitr. — Uttoral waters are 
continually receiving large quantities of fresh water from 
the adjacent land by streams and rivers. The influence of 
fresh water is most felt at certain seasons, and is most 
marked in the neighbourhood of large estuaries, though there 
are no figures to show how far this influence extends ; pro- 
bably not to a great distance. On the other hand, there is 
rardy a patch of rocky foreshore which does not receive its 
quota of fresh water, a fact which is demonstrated by the 
invariable presence of the green Enteromorpha. As we know 
that fresh water is poisonous to the majority of marine 
animals, it remains to be seen how shore forms are able to 
resist a d^ree. of dilution of the salt content of the water 
which is often extreme. The question, which is an exceed- 
ii^ly difficult one, depends on the degree of permeability 
of living membranes by solutions of varying composition 
and density. 

Several authors have established on different animals 
(Dreser and ^^^ter on mammals, Bottnzzi on marine 
invertebrates) that the glandular secretioiu have an osmotic 
pressure equal to that of the blood of the same animals. The 
experiments of Bottazzi (see Florentin, 1899) show, moreover, 
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! that among matine invertebrates the osmotic pressure of the 
internal fluid and that of the external water are in equilibrium: 
there is thus isotony or equimolecularity between these two 
liquids, no matter what the protein content of the blood. 
Fridericq (1889) finds that the blood of the shore crab 
{Carcmm mamas) has a salt content which varies mth the 
degree of salinity of the water in which the animal is living. 
For instance, in the blood of crabs from Roecoff (sea-water) 
he found 3*07 per cent, of salts, whereas in that of crabs 
from the estuary of the Escaut (brackish water) he found 
only 1*48 per cent. Similarly the blood of a crab of the 
genua Maia at Naples living in very salt water gave 3*37 
per cent, of soluble salts, whilst at Roscoff the blood of the 
same animal only contained 3*045 per cent, (tf salts. By 
gradually altering the salt content of the medium Fr£dericq 
has been able to reduce the salt content of the blood of 
Roscoff crabs from 30-45 gr. per litre to 15*6 gr. of soluble 
salts per litre. Again, the invertebrates of ^e Baltic, which 
is of very low salinity, have only a small percentage of 
salts in their internal fluids. A similar agreement in the 
concentration of internal and external fluids is found also 
among cartilaginous fishes in general. No such agreement, 
however, is found in bony fishes, where, in consequence, 
the osmosis must be of a selective kind. The broad features 
of the phenomenon are, however, the same in all cases : a 
marine animal placed, in fresh water absorbs water and 
swells, whereas with a fresh-water species placed in the sea 
the opposite takes place. Frequency the osmotic currents 
and consequent chuige in volume affect the tissues to such 
an extent as to cause death. Where the body is protected 
by a thick cuticle and diffusion throu^ the skin is impossible, 
the exchange of salts probably takes place through the thin 
membrane of the gills, which thus acts as a dialyser. Ter- 
restrial insects, like beetles, with thick cuticle and no gills 
are able to resist the action of salt water almost indefinitely. 
Without our going into unnecessary detail, the numerous 
experiments on this subject enable us to say that where the 
change is effected gradually the powers i^ adjustment of 
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Aixt animals to variatioiu in the medium are relatively 
enormous. The Polyzoan Memhraitipora nuinhraiuiceat for 
instaoce, has been found living in brackish water up to 
one-tenth of the normal salinity. The colony growing in 
this situation showed variations in the number and arrange- 
ment of the cell spines and the number of tentacles ; these, 
however, seemed to be related rather to the movement of 
thewaterthanto the salinity (Loppens, 1906). On the other 
hand, animals from near or bdow tow-tide mark, even when 
the chai^ is accomplished exceedingly slowly, show far 
less power of accommodation. Beudant, for instance, who 
experimented as long ago as 1816 (see Fridericq, he. cit.), 
by gradually diluting the sea-water in which common shore 
and off-shore forms were living, showed that forms such as 
Balamis ttriatus. Patella vuigata. Purpura ktpUba, Cardium 
eduie, Ostraa eduUs, and Mytihis eduUs, were able to survive 
in water that was completely fresh, whereas HaHotis tuber' 
culata, Buccitmm undatwn, Telkna incamata, Pecten varius, 
etc., all succumbed before the experiment was completed (see 
Pkte IX). 

While typical rock-shore forms like BaloHus, Patella, 
Purpura, etc., and estuarine forms like Cardium, Ostraa, 
and MytUut, are able to tolerate water which is completely 
fresh, diere is undoubtedly a mean optimum salinity for each 
of these species, and it is only when exposed to this that 
the animal is capable of reaching its full development. 
What this optimum salini^ is seems never to have been 
detennined for the majority of shore forms, but for species 
of economic importance it has been ascertained empirically 
to within fairly narrow limits. In many estuaries, for 
instance, where the bed of the main channel is stony, mussels 
xtay be distributed from the lowest outlet to a point a couple 
of miles upstream, as in the river Dovey, which enters 
Cardigan Bay. Only those musseb, however, which are 
situated some distance up from the mouth of the estuary are 
capable of growing to marketable size. The shells of bivalves 
v^ch have grown in tmfavourable conditions of salinity are 
^ically stunted and often deformed. In cases of this kind 
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salinity may quite well be more important than temperature. 
On the other hand, the close dependence of off-shore forms 
on a definite degree of salinity is well shown by an unuaual 
extension, in 1917, in ^e distribution of the Shipworm 
{Teredo di^etisis) in San Francisco Bay (Barrows, 1917). 
A salinity of at least ten parts per jooo seems to be 
required for the existence of this pest, at temperatures 
ranging from 6° C. to 19° C. An increase in salinity of as 
little as three or four parts per 1000 above the minimum 
causes the worms to increase considerably in numbers and 
stimulates their activity. On the other hand, during a 
season of heavy rainfall, when much fresh water enters the 
bay, they may be killed off entirely, though reinfection may 
occur during the next summer and autumn, and in dry 
seasons the shipworras increase so as to become a very 
serious pest. 

Phenomena of an essentially similar nature to those 
which cause the variation in salinity and temperature of 
coastal waters in general, are regularly affecting, in a similar 
manner, the conditions of life in shore pools deserted by the 
tide. The smaller the volume of water in the pool, the more 
intense are the effects. Under the influence of a strong sun 
the dennty of the water increases rapidly, as does also the 
temperature. Rainfall, obviously, has the reverse effect. 
According to Issel (1918) the salinity of rock pools may vary 
from a little above 2 or 3 grams per litre of dissolved salts 
to over 300 grams of salts per litre. The same writer 
has made some interesting observations on the behaviour 
of the flagellate Protozoan Carteria subcordiformis, and that 
of the Copepod HarpacUcus fiihus in shore pools under 
evaporation. The former is sometimes present in such 
numbers as to colour the surface of the pools green. By the 
time the water in these pools has become strongly saline, 
about 1*125, these animab have come to rest and show 
no sign of life. They have entered upon a period of latent 
life and may survive in this condition for 2 or 3 weeks, 
recovering on the salinity of the water being reduced again 
to normal. Herdman (1892) has made similar observations 
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I. StBANDS of ASCOPHVIXUM. 

Their great length plays an impoitunt part in sbeorbing » 



II.— Laminahian Zone partly uncovered (Cove Bay, Kincardineshire). 

The rieheat portion of the ahore ; only uncovered at spring tid^,-jQ|^> 



b, Google 



SPECIAL PROBLEMS OF SHORE LIFE 83 

on the effects of salinity in relation to Copepoda. He has 
found that the green weed Enteromorpha mtestmalis, which 
covers the pools above high-water mark, harbours enormous 
quantities of Copepoda belonging to the genus Harpacticus. 
The condition of some of the pools suggested that these 
animals would probably be able to stand considerable 
variations in the salinity of the water, as in wet weather they 
are flooded with rain while in dry summers the pools become 
almost or completely dried up. 

Herdman took sample tubes containii^ Enteromorpha 
and Harpacticus and added fresh water until there were 
19 parts of fresh water to i part of original sea-water. The 
Enteromorpha appeared healthy and the Cope[>od8 had 
increased greatly in numbers and were very active. The 
young ones hatched in the nearly fresh water were all 
colourless, but the adults had not lost their ordinal bri^t 
red tint. 

A second sample tube containing Enteromorpha and 
Harpacticus, and sea-water from the pool, was emptied into 
a shallow glass and allowed to evaporate slowly. The 
Copepods did not increase in numbers, but they did not die 
until the dish ^as almost dry and the salt had crystallised 
out round the edges. After evaporation had been going 
on for a few da^ the Copepods had retreated into the interior 
of the Enteromorpha filaments. Possibly under natural con- 
ditions they escape death in this way when pools have 
dried up. 

Similar powers of resistance are possessed by Entomo- 
straca from salt marshes, wh^e the density of the water is 
even more variable than in rock pools. We have, for 
example, the classic experiments of Schmankewitsch on the 
Phyllopod Artemia saBui. According to Feronniere, Artemia 
sa^tta resists a density as great as i'i6 in the salt marshes 
of Lorraine, and according to Artom (quoted by Issel, op. 
cit.) up to 1*23 in those of Cagliari. Caiman, even, has found 
in a varieQr of grey salt consumed in this country, mixed with 
the salt crystals, numerous eggs of Artemia, which in water 
ofsuitable salinityare capable of developing innormal fashion. 
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IMnqwoL— We have now discuBsed the different prob- 
lems confrontii^ shore ■"'»"■ l« and given brief illustrations 
of the way in which they are met. Some of these problems 
are of sudi importance as to have had a profound effect on 
both structure and behaviour. 

In particular, the feature of the shore as a r^on of 
intense dynamic action — the biological importance of the 
wave, in fact — is reflected in the numerous devices to secure 
adhesion and especially in the small size and squat shape of 
the animals inhabitii^ there. Where shells are present (as 
in numerous shore Gasteropoda) these are typically stout, 
flattened, with reduced spires, coarsely sculptured and 
severely inornate. The lin^wt shape is the most typical. 

The other great feature of the shore, viz, as a region of 
extraordinarily fluctuating conditions, ia reflected in the 
possession by shore animals of a greatly increased adapt- 
ability and a marked capacity for weathering sudden chaises ; 
in short, a greater tenacity of life. On the other hand, it 
is safe to say that in the majority of cases, a place has been 
obtained on the shore only at the cost of surrendering 
considerable periods of potential activity. 
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Some Mbthods op Attack and Dbfbncb among Shorb 

Animals 

In the forgoing chapter we have discussed the methods 
by which shore animals cope with some of the chief problems 
offered by their eoviromnent. We have now to deal with 
another aspect of the struggle for existence on the sea-shore, 
namely the conflict between the animals themselves. It is 
safe to say that in no other area are the weapons and strata- 
gems of offensive and defensive warfare so varied in character 
as on the sea-shore. This is the logical outcome of the many 
advantages presented 1^ this particular habitat : light, 
aeration, abundance of plant-food, the presence of a sub- 
stratum, etc. Moreover, the same comparative isolation of 
shore areas due to the shallow waters (and the consequent 
importance of even low physical barriers) which has favoured 
the evolution of new forms has also stimulated the production 
of new methods of sustaining the conflict. 

The methods of attack and defence with which we are 
to deal are essentially those employed in the struggle for 
food among animals of different kinds, e^. carnivores and 
herbivores. There is, however, a type of struggle which, 
having a somewhat different biological signiiicance from that 
of attack and defence as generally understood, demands 
separate consideration. This is the tendency, an outcome 
of crowded shore conditions, for many animals to lodge on 
the bodies of others. We are not dealing here with cases 
of parasitism nor of commensalism (properly so called), 
but more especially with those of sessile forms ; hydroids, 
polyzoa, barnacles, etc., settling on the bodies of other 
85 
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species in exactly the same way as they would on an inorganic 
substratum of rock. This may be a serious matter for the 
species providing the foothold, its movements being impeded 
or its growth stifled. It is advisable to give separate con- 
sideration to this factor in the stru^le for existence, as its 
biological significance is of a different nature from that of 
attack and defence as generally understood. 

Devices to secare Unimpeded Gtowth or Movement. — 
(a) In Plants.— The broad fronds of algse such as Lammaria 
offer particular advantages to encrustii^ animals, and to 
adhesive forms of 8pa\vn, but in the majority of cases it is 
■ probable that the functions of the plant are very little 
incommoded thereby. Occasionally galls are formed, but 
not necessarily by encrusting forms. For instance, the 
empty air-vesicles of AscophyUum nodosum are often invaded 
by the larvx of Mytilus edu^. Tobler (1909) has shown 
that in such cases the growth of the larval shell causes the 
plant tissue to split. The breaking away of parts of the 
frond necessitates a strengthening of the mechanical tissues, 
and this is provided for by a development of the medullary 
hyphse. 

(b) In Animals. — The tendency of shore forms to assume 
an encrusting habit has already been noticed (Chapter IV), 
when it was shown to be of vabie in resisting wave-shock. 
It is not difficult to see that in the crowded conditions of 
shore life, any form offering a suitable surface is likely to 
be encrusted or settled upon either by the same or by a 
distinct species. Other factors than chance, however, are 
concerned since, according to Harmer (1896), many species 
of Polyzoa " show a decided or even exclusive pref««nce 
for particular situations ; as, for instance, species of TriticeUa 
which are only found on certain Crustacea." Many encrust- 
ing forms prefer the inside of dead sheila of Pecten, Cyprma, 
etc., to any other habitat; Terebripora excavates tubular 
cavities in the substance of the shells of Molluscs ; Hypo- 
phoretta inhabits passages which it forms in the walls of the 
tubes of the Polychsets Lanice and Chatoptena. One of 
the C3i«lo8tomata, Lepralia foUacea, forms masses which may 
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readi a drciunference of several feet, simulatiDg a small 

coral-reef. Its contorted plates are a perfect museum of 

Polyzoa, " so numerous are the species which de%ht to find 

shelter in the quiet interstices of the colony. The exquiute 

litde colonies of Critia eburnea are commonly found on red 

seaweeds, or on the branches of the Hydroid Sertularia." 
In the case of Hydroids the 

form attacked has no special 

means of warding off the epizoic 

form, but each endeavours to 

outgrow the other. Warren 

(1909) has twice found the 

Hydroid Lafoea dtspolians sp. n., 

growing up inside the hydranth 

of SertuUtria bidens, and sup- 
planting the original polyps by 

its own. Both cases illustrated 

in a striking manner the struggle 

of the host to squeeze out die 

parasite and shut it off from 

its depredations. The term 

parasite employed by Warren 

is perhaps too strong ; what 

he is describing is simply a 

severe case of animals of similar 

habit competing for foothold. ( 
The avicularia and vibnicula 

of certain genera of Polyzoa, in 

addition to th^ food-catcliing 

functions, are probably of ser- ] y. 

vice in picking off intruders »>■>>- M Open ; {3} clowd. 
such as the larvse of encrusting forms, and removing foreign 
particles which might tend to obstruct the functions of 
the colony. An avicularium is a modified Polyzoan cell or 
zoocdum with, in Qrpical cases, a strong resemblance to a 
bird's head, ^ch avicularium being provided with two long 
snapping jaws worited by powerful muscles (see Fig. 6). 
A vibraculum represents a further modification of a zocedum, 
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being exceedingty long and forming a whip-like process which 
sweepa through the water. 

Structures with a similar function to those of avicularia 
are characteristic of many Echinodenns. These are the 




wick) ; (a) GemmifoTm (after Cludwick) : 
(3) Chthicephalout (after Chadwick) ; (4) 
TrifoUate (after UexkOU). 



pedicdlaria! (sec Fig. 7), which may be regarded as modified 
spines. They occur scattered over the surface of the starfish 
and sea-urchin, but readi their greatest development in the 
hitter group. In Echhtus esatUntus there are four varieties 
<rf pedi<xllarift : " tridac^le," " gemmifonn/' " trifoliate," 
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and " ophicephalous," the functioiu and reactioiis of which 
have been studied by von UexkUll (1899). Each pedicellaria 
iochides a clawed portion or head with an independent 
nervoua centre controllii^ the openii^; and closing o£ the 
daws or blades. The *' head " is suppmled on a long stalk, 
also innervated, and rigid or flexible as the case may be. 
Two only of the four types concern us here : the tridactyle 
and the trifoliate pedicellaris. These have been ahown by 
von Uexkiill to be concerned with the removal of fordgn 
material from the " teat." The tridactyle form is large and 
conspicuous with three pmnted blades each with a double 
row of teeth along its edge, borne on a slender stalk. The 
blades, which close very accurately, are worked by dis- 
tinct sets of adductor and abductor muscles. A very slight 
mechanical stimulus is sufficient to throw the pedicellaric 
into action and to cause them to grasp and destroy foreign 
onanisms stich as the minute swimming larvie of various 
sessile parasitic animals which would otherwise settle on 
the delicate exposed ectoderm of the sea-urchin. In con- 
sequence Uexkiill calls them " snap-pedicellarije." The 
trifoliate pedicellarise are of much smaller mze. Their 
function is similar but their method of action affords an 
interestii^ contrast. Any prolonged general irritation of the 
skin, such as bright light or a rain of particles of grit or 
mud, will bring them into action, and ^ey have the pecu- 
Uari^ that the blades do not close simultaneously, so that 
an object may be held by two blades and smashed by the 
third. Thdr function may be studied by cauung a shower 
of ground chalk to fell on the animal, when the particles are 
seized and broken down to an excessively fine powder which 
the dlia covering the skin speedily remove. In view of their 
function of removing foreign particles UexkiUl has given 
them the name of " cleaning pedicellari»." 

It is evident that Echinoderms, particularly sea-urchins, 
with their sluggish habits and broad, firm surface, are particu- 
larly liable to being settled upon by encrusting organisms. 
To this serious menace the h^h d^ree,of specialisation of 
the cleansing organs is evidently to be ascribed. In this 
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connection it is interesting to notice that in forms like brittle 
stars which have no delicate ectoderm to protect and which 
practise autotomy in addition, pedicellarise are either 
completely absent or at most rudimentary. 

"Ilie higher Crustacea are also, through the nature of 
their covering, very liable to become encrusted with sedentary 
forms, especially barnacles. In the University Museum, 
Aberdeen, is a crab of comparatively small size with its 
carapace literally loaded with a heterogeneous collection f^ 
Lamellibranchs {Ostraa, Attomia), Gasteropods, barnacles, 
tubeworms, polyzoa and hydrozoa of various kinds, etc. 
This assemblage of forms, far exceeding the actual crab in 
bulk, has evidently grown through each new-comer affording 
a fresh area of foothold. The crab serves as nucleus for 
an ever-growing colony. In view of such facts the act of 
moulting assumes a double significance, for not only does 
the shedding of the cuticle permit the animal to grow, but 
it is of immense advantage in liberating it from an nnbamss- 
ing collection of sedentary forms. 

Herdman (1907) remarks on the term " granny crab " 
emplt^ed by Port Eiin fishermen to denote a crab of aiqr 
size above four inches which is of worn and dilapidated 
appearance. Tlie shell of these " granny crabs " is pitted 
and stained with black and the great claws are corrod«l and 
often broken. The surface is frequently ovei^own with 
barnacles and other foreign bodies. Such crabs are caught 
in consideiable numbers during July and August and are 
promptly killed by the men, who are under the impression 
that they are diseased. When eaten, the flesh is said to 
have a strong, bitter taste, and powerful purgative effect. 
Herdman states, however, that there is in all probability 
nothing abnormal about these crabs. They are merely 
individuals ^idiich are nearing the time when in every second 
year the crab will cast its shell. The practice of destroying 
them is consequently unwarranted. 

The shells of molluscs, particularly those of sessile 
bivalves, are likewise subject to encrustation. The menace 
here is not so much from unrelated spedes as from young 
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forms of the same species. For instance, mussel beds are 
much subject to overcrowding, the older forms becoming 
gradually suffocated beneath an ever-growing mass of 
ymmger individuals. 

The mollusc Crepidula normally attaches itself to other 
shells, either of the same or of unrelated species, and as 
many as five individuals may occur one on top of die other 
in a manner that has been likened to a aky-scraper. 

It would be unwise to conclude from the preceding 
account that epizoic forms invariably constitute a menace 
to their host, but it is difficult to determine at what point 
the association ceases to be harmless. Undoubtedly, en- 
crusting forms are often of considerable benefit in helping 
to hide the underlying species or to render it less conspicuous. 
Not only so, but cases occur in which active encouragement 
is given to epizoic forms. In short, there are three possi- 
bilities : an epizoic association may be trivial, indifferent 
and may remain so, or it may be seized upon and utilised 
or may nnk into a drawback. 

TACTICS OF THE SHORE STRUOGLB 

IfMlting. — The long-legged spider-crabs {e^. Inackus, 
Hyas) have evolved the habit of planting out upon their 
hairy carapaces all kinds of seaweeds, hydroids and the 
like, the result of which is to render them almost invisible 
in their normal environment. Specimens with their bodies 
cov^ed with algse, when placed in a tank among sponges 
have even been observed to pick the former from their 
bodies and to plant fragments of qmnge in their place (see 
Fig. 8). 

In some forms (especially Galatheidea and Dromiacea) 
the last two pairs of thoracic limbs are reduced in size and 
are carried pointing dorsalwards. By means of these 
upturned append^es (chelate in the Dromiacea) the crabs 
are able to hold shells and similar objects (in tropical forms, 
even mangrove leaves) upon their backs. 

It is scarcely necessary to point out that maddng and 
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other similar phenomena are often just as important for 
offensive as for defensive purposes, enabling the animal to 




Fio. 8. — Spider-cnb ptrdy maaked by aponge on front of carapace. 
Stalk its prey or to lie in wait for it unseen. For instance, 
the habit possessed by TeaUa crasskontis of covering its 
warty body with particles of shell and gravel found in shore 
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pools is of value in concealing the anenuHie from its prey 
rather than from enemies. 

In Birite of its chance nature, the menace to certain forms 
from being settled upon by other animals is so serious as 
to have led, as we lave seen, to the elaboration in certain 
cases of special clean^g organs. In other cases it would 
appear as if this chance factor had been brought under 
control, and, from bdng a menace, had been turned to the 
positive advantage of the animal. 

Leaving the subject of encrustation, we now turn to a 
conuderation of the strat^^ems and weapons en^lloyed in 
the direct con6ict between hunter and hunted. 

Sding. — It is a commonplace feature of the stmg^e 
for existence among animals that the weak find safety in 
hiding. As Fr^dericq (1889) puts it, " Vammal chassi se 
cache" luid there are manifold ways in vAofAi the weaker 
forms elude pursuit : by hiding under stones and seaweed, 
\]iy burrowing, by takii^ refuge in shells (hermit-crabs), and 
80 on. The habit of burrowing is very common on the shore 
and indeed in marine forms generally. On the shore, it is 
doubly valuable as securing immunity both from enemies 
and wave-shock. All phases of the habit are exemplified : 
from the smmming crab, which merely shovels sand over 
its body by means of the last pair of paddle-Hke thoracic 
limbs, through the numerous Annelids, such as the lug- 
worm, to the highly specialised species such as the ship- 
worm {Teredo), and the Fiddock {PhoUu), which excavate 
wood and rock respectively. A discussion of commensalism, 
which perhaps represents an elaboration of the hiding habit, 
is reserved for a later chapter. Another obvious means 
of securing safety is by rapid flight or by its antithesis 
" death feignii^." 

'* Death-Mgning " or B^pnosU. — Certain animals when 
disturbed show a sudden complete cessation of activity 
akin to death. A similar state can also be induced experi- 
mentally in a number of forms. As Thomson puts it, " in 
the state of animal hypnosis, seen for instance when a snake 
' becomes a stick,' there is a sleep-like inabili^ to move 
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or to ' right ' the body when placed in an abnormal pose. 
There is a striking change in tiie tone of the muscles and 
a great decrease in sensitiveness to touch and to pain." 

Among shore animals this phenomenon may readily be 
observed in Cardmis mtenat. Cancer pagurus, and other 
Crustacea. On being seized in the hand the two species 
just mentioned become perfectly rigid. There is a 
characteristic difference in the manner of disposing the 
appendages (thoracic). In Carctaus these are extended 
dmost at right angles to the body, the last jfunts alone being 
somewhat bent, whereas in Cancer ihey are folded neatly 
over the under-surbce of the thorax as if to protect it. 

Fr^ericq {op. cit.) mentions Neritina 9pi., which creep 
over the surface of submerged stones and when touched 
quit their hold and fall to the bottom of the water. This 
b analogous to the habits of certain terrestrial insects. 
When a stone undfcr which Porcellana platycheUs is hiding 
is upturned the crab will often " sham dead," and owing 
to its frequent resemblance to its surroundings will then be 
quite inconspicuous. 

One should guard against too readily assuming that titis 
habit of death-feigning is primarily or necessarily of an 
adaptive nature. Issel (1918) remarks that a state of hypnosis 
due to loss of muscular tone is not necessarily induced by 
the s^ht of another animal or by brusque contact with it. 
Slight variations in the external medium are sufficient : an 
inequality in the substratum, a difference of temperature 
or of illumination ; indeed, sUght stimuli are more effective 
than strong ones. Recent experiments on Phasmids (stick- 
insects) tend to show that in these animals " shamming dead " 
is of the nature of a rhythmic phenomenon, i.e. it occurs 
at definite intervals, and is not a direct response to any 
external stimulus. Possibly the adapution is secondary. 
According to Bohn (1911) the phenomena of death-feigning 
are akin to those of " differential sensitivity " exhibited by 
unicellular animals or tubicolous worms. 

ProtectiTe Besemblaooa.— Many shore animals, parti- 
cularly those which are without skeletal protection, and are 
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able neither to fight nor to run away, are rendered incon- 
spicuous by their close resemblance to their surrouiidiims. 
Such resemblance ia usually regarded as havii^ been 
foetered by natural selection, and is therefore termed 
" protective." It should be home in mind, however, that 
in many cases the term " protective " (like the term " adap- 
tive ") is applied merely a priori, and has no strict scientific 
value imless the protective function has been demonstrated 
experimentally. It frequendy happens that an observer is 
tempted to draw rash conclusions from the chance occur- 
rence of an animal of a particular colour upon a seaweed of 
the same hue and will allow cases of contrast to pass unheeded. 
For instance, the Polychset worm EuIaSa viriJis, when it 
occurs on a green weed such as Viva is quite inconspicuous, 
but beii^ an active spedes it occurs just as frequently on 
red and brown seaweeds. 

We shall content ourselves with selecting for comment 
a few of the many cases where a shore animal shows distinct 
resemblance to its environment. 

Generally speakii^, cases of protective resemblance arc 
most ftvquent among Crustacea and Mollusca. The 
commonest shore CcElenterates, viz. anemones (particu- 
larly Actinia equina), show a marked diversity of coloration 
which is apparently quite incapable of explanation in terms 
of the environment. Mortensen (1914-16), in his interesting 
paper on protective adaptations and habits in marine animals, 
states that worms, Echinoderms and Tunicates are all poor 
in adaptive phenomena, whereas among Crustacea there occur 
some of the finest cases of protective resemblance known. 
The habit of masking in this group has already been dis- 
cussed. Over and over again, when examining dredge 
material on his Pacific expedition, Mortensen took for 
pebbles what were really crabs. Crabs of the genus Parthe- 
nope {Lamhrus) are wonderfully protected, some by long 
claws resembling pieces of old coral branches while the body 
looks like an ordinary pebble, others by the carapace being 
expanded into flat crests covering the legs completely, the 
aidmal from above looking like an old bivalve shell. On 
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the shores of Hawsii, near Hilo, and on those of Tobago 
Island in the Gulf of Panama, was found a shrimp of ^e 
genus Hymtnocera, not merely resembling red algte in colour, 
but actually simulating their broad flat iridescent " leaves " 
though, curiously enough, the animal was not living amcng 
the 4gsc. 

On British coasts a common example of protective 
resemblance is afforded by the Porcelain crab (Porcellana 
platychela). Herdman (1892) notes that, on Puffin Island, 
where it frequents the under surfaces of irregular fragments 
of carboniferous limestone, the animal with its flat body 
tends to take up its position in sUght depressions on ttw 
rock where the dirty greyish brown colour of its carapace 
corresponds exactly with the muddy surface of the decaying 
limestone. Moreover, to heighten the resemblance, the 
tiny hairs with which the limbs and carapace are fringed 
entangle mud and dirt, and so help to grade the body (^ 
into the surroundoig stone. 

Numerous cases of close resemblance to surroimdings 
have been recorded in British Nudibranch molluscs. Often 
the resemblance is heightened by the form and coloration 
of the " cerata." These are ou^rowths of the body wall, 
and a characteristic feature of Nudibranchs. According to 
Herdman and Clubb (1892) they are of two distinct kinds : 
they may contain diverticula of the hver, and be direct^ 
concerned in d^estion, e^, Aeolis and Doto ; or they may be 
»mply lobes of the skin with no connection with the hver, 
and no special functions to perform, e^. Tritoma, Anaila, 
Dendronotus. The form Tritoma plebeia (fairly abundant at 
PufEn and Hilbre Islands) is found creepii^ on colonies of 
Alcyomum ttigitaium, and in no other situation. The polyps 
of a colony differ markedly in colour, size, and d^ree of 
expansion, and the Tritoma is found to differ accordingly. In 
large measure the resemblance is due to the " cerata," which 
are placed just the right distance apart, and are just the right 
size and colour to resemble the crown and tentacles on the 
half-expanded po^. The brown Ruadna Haitcocki is said 
to cra^ over brown mud and seaweeds, but to " avoid " 
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green weeds. On the other hand, green spedmeos of 
Hermaa dendriiica are said to " avoid " red weeds, and to 
" choose " the colour which matches their own. The 
commimest species of Dorid in the Mersey, LameOidtms 
bUaneBata, b richly coloured with yellow-brown and though 
a striking object when placed in a white dish or in clear 
water is quite inconspicuous on the dark purple-brown 
rocks spotted with patches of adhering mud, sand, small algse, 
and zoophytes. .^^;ain, Rostanga coccinea and Doris fiammea 
live on red sponges (the former on Microciona aitrofea^uaua) 
to which their colour is closely assimilated ; Jomma 
johtutom frequently occurs on stones associated with 
HaHchondria pamcea which it resembles so closely in out- 
line, colour, character of surface and projecting plumes as 
to be hardly distinguishable ; Cabna glaucoides eludes 
observation among the fish-e^is which it eats, and many 
forms bearing prominences or branched processes such as 
^gires, Doto, or Dendronotus have been noticed to correspond 
exactly in colour with the Bryozoa or algae which form their 
usual habitat. Finally, Hermaa bifida occurs on red seaweeds 
of the genus Griffithsia. Though the shapes of plant and 
animal do not correspond, yet in the water the outline of the 
latter becomes blurred, and the only conspicuous features are 
the red hepatic canals in the body, and their red diverticula 
in the oerata. These are the exact counterpart of the fine 
branches of the seaweed in form and colour, the latter, 
indeed, being transferred from the plant to the animal 
«4uch sucks its juices. 

Examples of protective resembbnce in shelled Gastero- 
pods are less frequent, and a reason does not seem far to 
sedt. Walton (1913) remarks, however, that the distribution 
of JAttorina obtmata is coincident with that of Fud, and that 
the shells of the former often bear a striking resemblance 
in both form and colour to the vesicles and conceptacles of 
the algie on which they live, so much so that he has himself 
nustaken the vesicles of the algte for the shell of the mollusc. 
" The conceptacles are of shades varying from white to 
tmght yellow, and indeed the whole of the parts of the 
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plant exposed to sunlight are frequently much lighter in hue 
than the more sheltered portions, which are usually dark 
brown or olive." He has found that the darker varieties 
of L. obtustOa are seldom found upon the surface of the a^ 
masses, and that the greatest resemblance b between light 
brown and yellow shelled varieties and the veucles of 
F. vesicuhnis, and between the colour of the frond and the 
ordinary brown and olive shells. But yellow ^ells may be 
found at times on the dark stems, and are then very con- 
spicuous. Many shells which, when seen diy, appear out 
of harmony, are not so in reality when wet. 

In conudering the resemblance which so frequently 
occurs between assodated forms, the poesibili^ of this 
beii^ of a convergent rather than a protective nature must 
be borne in mind. Thus, sajrs Eliot {1910), whatever the 
causes which give a certain sponge a particular appearance 
they must also affect the Dorid which lives on the sponge, 
at least so far as they are external and concerned with water, 
temperature, and general surroundings. Hence also the 
resemblance between certain Holothuroids {Psolus 8pp.),Tur- 
bellariana (especially Polyclada with tentacles), and molluscs 
such as the Elysiidx. 

Warning OolontkuL — In sharp contrast to the cases we 
have just been discussing are those in which the coloration 
of a particubr animal has the effect of rendering it extremely 
conspicuous. FrequenUy this vivid coloration is associ- 
ated with unpalatabili^ or with qualities which render the 
animal dangerous to eat. For instance, each of the in- 
tense blue patches which form a ring beneath the tentacles 
in Actima equina is associated with a battery of nematocysts. 
It is therefore concluded that the vivid coloration asso- 
dated with the unpleasant taste would, after a few unfor- 
tunate experiences on the part of an enemy, leave an impress 
on the nervous system of the latter aufiident to deter it 
from making fresh attacks. The colours would thus come 
to have effectively a warning significance. Poulton (1890} 
quotes an interestii^ case investigated by Garstang, viz. 
that of a Terebellid worm, Polydma aurantiacm. Unlike 



b, Google 



METHODS OF ATTACK AND DEFENCE 99 

the rest of the Terebellids this worm has no tube, but creeps 
about acthrely. It is bright red in colour, and has a number 
of tentacles which on stimulation become brilliantly phos- 
phorescent, and are coiled round the body in protective 
foshioD. When offered to certain fish in the aquarium 
these worms were, after one or two trials, rejected by them. 
Upon the tentacles being removed, however, the body was 
attacked and eaten with relish. Evidendy, then, some dis- 
tasteful property ia associated with the tentacles, and it is 
their bright colour which enables the fish to recognise and 
avoid them. 

Occasionally, it is interestii^ to note, the cause of the 
unpalatability is also the cause of the conspicuousness, e.g. 
uric add. 

Crosstand (191 1) concludes from the almost universal 
occurrence of colour in the femily of Chromodorids, and 
from their habit of crawling about in the open, that the 
bright colours have some protecdve value. Distastefiilness 
has been proved experimentally by trying to feed Chromo- 
dorids to fishes. The fishes would not eat them though they 
would swallow pieces of MmgaritijtTa and BaUstes which 
had been soaked in formalin. Some would dash up to a 
Ckromodtms and then turn away after touching it. Others 
went so far as to take the Chromodorids into their mouth, 
but at once dropped them undamaged. 

On the flats of the coral reef at Little St. Cruz Island 
(Philippines) Mortensen {op. cit.) remarks the presence of 
shoals of a small fish, Plotosus atiguiUarit, which has a long, 
pointed and barbed erect spine in each pectoral fin and a 
similar one in the dorsal fin, all provided with poison glands. 
The fishes, which are black with two longitudinal white 
stripes on the sides of the back, swim in a close mass making 
a lai^ ball which seems to roll along over the corals, and is 
exceedingly conspicuous. These balls can easily be caught 
in a hand net. A fish ^en touched stuck to the fingers 
and caused considerable and lasting pain. Sin^y, this fiah 
would not be conspicuous, hence die importance of the 
gregarious habits. 
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— "nie tenn " minucry " U applied to those 
cases in which forms themselTCS quite innocuou* bear a 
marked resemblance to other forma in the same habitat 
which have some particularly efficient means of protection, 
and, consequently acquiring a false reputation, are able to live 
undisturbed. C^ses of so-olled " mimicry " are frequently 
recorded from the shore which should really be placed under 
the heading of convergent resemblance or under that of 
protective coloration. Only a very few examples of the 
phenomenon of " mimicry " (in the strict sense of the term) 
have been recorded irom the shore. Mortensen (o^. cit.) 
mentions the littie crab Zdmda adamm from the Pacific 
which devours the spines, tube feet and pedicellarie of 
the sea-urchins SaJmads bicolor and Toxopnatstet piUobts, 
generally following cMie area firom the top downwards. The 
crab is conspicuously coloured, with brown and white 
loi^tudinal stripes, and has curious projections on the legs 
and body resembling the close short spines of Toxopneusta, 
the colour of which (brown and white) corresponds to that 
of the crab. The close resemblance of crab and sea-urchin 
probably renders the former immune from the atta^ of 
fish, and may therefore be a genuine case of mimicry. 

Protoot i Te Armooi. — Many shore animals have become 
specialised for defence. Apart fifoa. other considerations, 
the necessity, in many cases, for retaining a firm hold on 
the substratum in order to resist dislodgment by wave- 
shock makes for sluggish progression, and would render 
the existence of such forms very precarious if it were not 
for the presence of some special form of protection. We 
may distinguish three chief means of defence. 

t. SkeUud Structures forming an luteal Part of the 
Animal. — The armour in this case consists of limy or flinty 
spicules which are embedded in the tissues. Under this 
headii^ may also be included the hard external skeleton of 
Crustacea and the shells of molluscs which, though com- 
pletdy external to the animal, yet form an integral part of 
its structure. In addition to their protective function such 
structures obviously serve to support the body, and to give 
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attachment to the different o^ans. It is thus impossible to 
disaesodate the skeletal function in the strict sense from 
that of defence. 

The life of sponges dependii^ upon the maintenance of a 
continuous flow of water through the pores and out at the 
osculum, the occurrence of a very efficient system of protec- 
tion, in the form of myriads of sharp spicules, occasions no 
surprise. Around vital parts such as the oscula the spicules 
are frequently arrai^ed in such a 
way as to leave no doubt as to 
their protective function. 

The name Echlnoderm (Spiny- 
skinned) speaks for itseE The 
limy plates which are such a 
feature of this group, sometimes 
forming a very complete shell or 
" test," are not external, but are 
covered in starSsh and sea-urchins 
by a thin layer of epidermis, often 
to a laige extent ciliated. In the 
sea-urchins the protection they *t, 
afford is greatly increased by 
numbers of long spines articulated 

to them. The base of a sea- ^ ^ ■ * ..■ 

■ , n J -• » Fia. g. — Spine of ■ea-utchio. 
urchm spme is hollowed out mto a ,_ epidermii ; i, cricweou* 
cup \rfiich fits over a corresponding tpine i «. musdet ; n», «», 
, , . ^L » ,. « nerve DMnchM. 

boss or elevation on the test. A 

muscular sheath holds the spine in poMtion and by the con- 
traction of particular fibres can cause it to point in any 
direction. The mode of articulation is analogous to that of 
a ball-and-socket joint. Coverii^ the sheath is a layer of 
dun containing numerous nerve fibres (see Fig. 9). 

The chffita of Polychaet tforma are mainly used for 
locomotion, but it is probable that they have considerable 
protective significance as well. No attempt has ever been 
made to explain the enormous variety of form which occurs 
among Polych«t bristles ; many of them with their curious 
processes and serrations resembling nothing more closely 
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than " spiUikina." The larger of these, and particularly the 
stout forms known as adcula, are probably of some use as 
weapons either (tf offence or defence ; but in any case the 
occurrence of so many bristles must render the owner very 
unpalatable as food. In Pol^oids the bristles are sup- 
plemented by flexible, overUpping scales which protect the 
back. In Aphrodite aculeata, bristles and elytra form a dense 
felting which must not oaiy provide valuable protection, but 
by collecting mud, etc., also serves to merge the animal into 
its surroundings. 

a. Construction of Tvbes. — This is a characteristically 
Annelid habit, though occasionally forms which construct 
tubular dwellings are met with in other groups also. The 
forms of Annelid tubes have been discussed in an interesting 
manner by M'Intosh (1894). In its simplest phase, e^. in 
many Oligocluets, the tube is simply a thin envelope of 
hardened mucus, and is little more than a lining to a tem- 
porary burrow. As a development of this we have the more 
permanent tubes of forms such as Myxicola which are soft 
and gelatinous, or the Eunicidas wliich are parchment-hke 
or even leathery. In HyaUnacia the material secreted, 
consistii^ of a phosphoric salt containing magnesia, and an 
organic substance called " onuphin," is so firm that the tube 
is able to stand freely in the mud and the animal has no 
need of further protection. In many worms the body 
secretion is of a calcareous nature and forms on consolidation 
a hard shelly tube. The commonest of these are Serpula, 
Pomeaoceros, and Spirorbis. Probably the most numerous 
forms of all are those in which the secretion is used for the 
purpose of cementing together particles of mud, sand, 
gravel, shell, etc. Some of the tubes so formed provide 
examples of aiumal workmanship so accurate and beautiful 
as to challenge comparison with tiie combs of bees and wasps 
and even with the nests of the most skilful birds. The tube 
of Sdbelia consists of the very finest particles of mud; 
Terebella conchilega makes use of shell-fragments, grains of 
sand, spines of heart urchins, etc., no spedal r^ularity 
marking their arrangement. The tube of Nicomachia is also 
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quite irregular ; SeAellaria, which occurs in immense 
colonies, makes use only of sand-grains ; Pectmaria builds 
a very neat tube, in shape like a slightly curved horn, which 
it carries about with it. The grains are nearly all of the 
same size and only one layer in thickness. It is among the 
Amphictenidse that the most finished tube-builders are 
found ; for instance, the tube of Lt^ koreni, abundant on 
the west sands of St. Andrews, is smaller in shape than that 
of Pectmaria, but, to quote M'Intosh, " in placing the grains 
together in the tube there is no lu^hazard, but angle fits 
ai^le, as in a skilfully built wall, and no excess of cement 
hides slovenly masonry. The tube is perfectly round, and 
tapers from the narrow lower end to the wider upper end, 
and its symmetry and workmanship are fauldess. The 
tubes harmonise closely with their surroundings, the wall 
beii^ formed of similar proportions of pale sand-grains of 
yellow, brown, and black, probably because in such a 
selection the aver^ colours are fairly represented." 

Id Amphictene auricoma the grains of sand are still finer 
than in Lagis, and where, amongst deep sea mud, the worm 
is able to employ the spicules of fiinty spoi^es the workman- 
ship is entirely perfect. 

This habit of tube-building which, originatii^ in the 
secretion of a sin^ile sheath of mucus to form a linii^ for 
the burrow, has become so wonderfully elaborated, is of 
double importance in the tidal area, for it afibrds not only 
ample protection &om enemies, but from desiccation as 
well, the mouths of many of the tubes being closed by 
opercula which prevent evaporation at low water. 

3. Borrotoed Forms of Armour. — It is a wonderful com- 
mentary on the keenness of the stru^le for existence that 
discarded forms of armoiu*, such as empty molluscan shells, 
should have been utilised as houses by forms totally unre- 
lated to the ordinal owner. This is what occurs in the 
group of the Paguridea, which comprises the Hermit crabs. 
The habit of lying concealed within a Gasteropod shell is 
so deep-rooted as to have had profound eflFects on both the 
structure and behaviour of the hermit crab. The abdomen. 
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for instance, has lost its hard covering, and has become 
spirally wound in accordance with the shape of the shell, 
the abdomen thus beii^ equivalent in function to the 
colimiella muscle which previously attached the mollusc. 
The swimmerets are very much reduced, except the sixth 
pair, particularly the appendage of the left aide, which has 
the form of a hook, and is coiled round the columella. The 
attachment of the crab to its shell is so secure that it cannot 
be removed without damage. Some of the hermit crabs 
(and other species of Crustacea as well) make a similar use 
of plant structures. For instance, the deep water form 
PyhdieUs mierm found in the Indian Ocean inhabits hollow 
pieces of bamboo. Since these are quite straight the animal 
is perfectly qnnmetrical. The tropical Robber-crab {Birgus 
latro), the adult of which is practically entirely terrestrial, 
frequenting the coasts of coral islands in the Indian and 
Paofic Oc^ns, and livii^ on coconuts, differs from the true 
hermit crabs, to which it is closely related, in not making use 
of a portable shelter, perhaps, as Caiman (1911) suggests, 
owing to the difficulty of obtainii^ one of suitable size. 
The terga of the abdomen have become re-developed and 
the body is strictly ^mioetrical. Notwithstanding this, a 
vesdge of the old habit remains, the crabs thrusting their 
abdomens under logs or into holes among the roots of trees. 
Issel (1918) desoibes a habit similar to that of the hermit 
crabs in the Isopod ZenobUma prismatica occurring on the 
ligurian Coast. This form, which is a rdative of Idothea, 
lives in tubes formed of plant debris, either fragments or 
roots of Posidotda, or in straws and similar structures. Of 
the seven pairs of thoracic limbs the fourtli is rudimentary. 
They are folded over the back, and at the extremity of the 
limb are two patches covered with tubercles which aid the 
Crustacean in sti<iing to its house. The habits, it is interest- 
ii^ to note, show points in common with those of tubicolous 
AnneUds. For instance, the creatures are acutely sensitive to 
changes in d^ee of illumination, the least shadow causing 
them to withdraw into the tube, ^parently Zenobiana 
excavates its tube by eating out the pitii of the plant tissue. 
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WovcMtt.— Under this heading we AaSl consider the 
various structures which have for their object the disable- 
ment of foes, but only so far as they are distinct ^m 
structure, such as jaws, teeth, etc., which are concerned 
with feeding in the strict sense, 1^. with the preparation 
of food for the woA of digestion. 

Wet^om acting partly mechamcalfy, partfy by meant of 
Poison. — Frequently, the mechanical action of a weapon is 
designed merely to inflict a small wound into which a supply 
of poison may then be poured, and also in a certain measure 
to hold the animal vUdle it is bdng paralysed. The 
commonest we^mns of this type are the oematocysts of 
Ccetentera, the structure of which is familiar to every 
zoological student. Briefly stated, a nematocyst is an ovd 
bag filled with fluid and produced at one end into a long 
whip-like process usually provided with barbs. In the 
unexploded state the long process is tucked into the cavity 
of the dilated portion in a neat spiral. The nematocyst is 
contained in a special pear-shaped cell, or cnidoblast, from 
the free margin of which there projects a short sensory 
process or cnidocil. When this process is stimulated the ceU 
contracts and the fluid within being incompressible the 
thread is jerked out of the capsule with great force. The 
free end of the nematocyst, while lying in the " ready " 
position, is bathed in a poiaoaous fluid. Some of this 
adheres to the lash when ejected, and enters the wound, or 
affording to another view, makes its way down the interior 
of the lash and escapes by a tiny aperture at its end 
(Cu&ot). 

The amusement of the nematocysta varies according to 
the spedes, but they invariably occur in masses or 
" batteries." These are particularly numerous on the 
tentacles, and, in anemones, upon the mesenteries, in which 
pontion they serve to administer the " coup de grace " to 
any organism which still gives signs of activity. Further, 
in many anemones the mesenteric filaments bear long 
thread-like processes termed " acontia," which are also 
armed with numerous nematocysts, and can be protruded 
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from the mouth or through tiny pores (" dncHdes "} m the 
waU of the column. 

Structures of a similar nature to the nemato^^sts of 
Oelentera occur in several Turbellarian and Nemerdne 
worms, but it ia doubtful whether they are homologous with 
the Coelenterate forms. The undoubted occurrence of 
nematocysts in the cerata of Nudibranch (.^olidse) molluscs 
has given rise to a great deal of controversy, but the researches 
of Strethill Wright, Grosvenor, and Cu^hot have defini- 
tively proved that these are derived from the anemones on 
which the molluscs feed. The nematocysts pass through 
the stomach and hepatic diverticula without being digested. 
Eliot (op. cit.) summarises the evidence which has led to 
this conclusion as follows : — 

1. Several kinds of nematocysts may occur in one £olid, 
and individuals of the same species may have different kinds 
of nematocysts. 

2. It has been shown experimentally that the cnidosacs 
always contain nematocysts similar to those of the Ccelentera 
on which the JEoWd has been feeding, and that the 
nematocysts found in the hepatic diverticula and fscces are 
similar. 

3. The nematocysts of an ^^lid can be changed by 
changing its food, and those ^^lids which feed on animals 
devoid of nematocysts have none themselves. 

The use of the nematocysts by the ^olid seems to be 
purely fortuitous ; there is no evidence that they are dis- 
charged against advancing enemies. On being attacked the 
animal contracts its body, at the same time erecting and 
sometimes lengthening its cerata so that the assailant can 
hardly help touching them. When the cerata are squeezed 
or bitten the stinging nematocysts are liberated ; the 
assailant probably withdraws and the JEotid escapes with 
the loss of a few cerata, a fact which seems to cause it little 
inconvenience. Apparendy those .Solids which have no 
nematocysts, e.g. Cabna and Fiona, have specially abundant 
mucus or offensive glands. 

In coonecdon with this partly mechanical, pardy 
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p(»8onous type of weapon, Martin (1914) proposes the 
following clarification ; — 

1. Autocnidae : true nematoc]rst8 confined to the 
Ccelentera. 

2. Cleptocnidse : Oxlenterate nematocysts nliich have 
been ingested with the food (iEolids, Turbellaria, etc.). 

3. Pseudocnids : often confused with true nemato- 
cysts, but not homologous. This group includes the 
nematocysts of certain Nemertines tixnn which a spiral 
thread can be discharged and those of Turbellaria in which 
no trace of a thread has been discovered. 

4. Polar capsules : strictly analogous as regards develop- 
ment, structure, and mechanism to true nematocysts, but 
confined to the Sporozoa. 

In Echinoderms (e^. the sea-im:hin) the place of nemato- 
cysts is taken by the gemmifonn pedicellarise. These, the 
laigest of the pedicellarise, are about 10 mm. long. The 
" head " is composed of 3 valves or jaws each provided with 
a poison gland which opens at the b^ of the tooth forming 
the apex of the valve. Further, there is present at the 
base of each jaw on its inner side a sense organ in the 
shape of a small papilla formed of sensory cells, each of 
which is provided with a stiff process or hair. 

When the sea-urchin ia attacked by its inveterate 
enemy the starfish, the chemical substance exuded by the 
latter causes the geimnifonn pedicellarise to gape. Upon 
the enemy coming in contact with the sensory papilhe the 
blades close violendy, inflicting a wound which causes the 
poisonous juices of die starfish to exude. The effect of this 
is a renewed stimulus, which causes the poison glands to 
discharge their contents into the wound. 

Prouho (1890) has watched a combat in an aquarium 
between the stai^sh Asterias glacioHs and the sea-urchin 
Strotigylocentrotm Uvidus. As soon as the latter feels the 
contact of the tube feet of the starfish it directs its spines 
away from the part attacked. This discloses the pedi- 
celluise, which are seen to be stretching towards the starfish 
with their jaws agape. No sooner does one of the tube feet 
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of the Btarfiah touch &e head of a pediceUaiia than it is 
immediately bitten, the pedicellaria remaining in the 
wound. liie effect of sudi bites is to cause the starfish 
to withdraw. The first " round " invariably ends in bvour 
of the sea-urchin. If the starfish renews the %ht the 
sea-urchin will eventually succumb owing to the loss of 
its weapons. 

A point of great interest is the fact, emphasised by 
Prouho, that in such a conflict as the above, the movement 
of the spines tnmry from the threatened area, is such as to 
leave the pedicellarise a clear field of action, and is the exact 
opposite of the convergent movement of the spines pro- 
duced v/ben the sur&ce of the test is stimulated by an 
instrument such as a needle. 

Weapom acting purefy mechamcaUy, — ^We meet with no 
examples of these below the Echinoderms. In this group 
(Echinoids) a last form of pedicellaris still remains uncon- 
ndered, namely, the ophicephatous pedicellarise. These 
occur over the whole surface of the test, but are most 
numerous in the re^on of the mouth, and are specialised 
for takii^ a firm grip. Their function is to assist in holding 
smaU anunals sudi as Crustacea till the tube feet can reach 
them and convey them to the mouth. Strictly speaking, 
therefore, the ophicephalous pedicellarise are concerned widi 
nutrition. Just as it is difiicult to draw a sharp line between 
weapons of attack and defence, so it is impossible to dis- 
sodate weapons in the strict sense from jaws, teeth, and 
umilar organs which, though chiefly concerned with masti- 
cation, may be turned to other uses if occasion requires it. 
For instance, the pharymc of Nereid worms bears on its 
muscular inner walls, in addition to numerous small spines, 
a pair of powerful chitinous jaws. When the pharynx is 
protruded the jaws become completely terminal, and are 
used for seizing prey. If one of these forms is picked up 
in the hand the jaws are at once brought into action, and 
form powerful weapons of defence. The jaws thus serve 
the triple purpose of mastication (when the pharynx is 
retracted), attack, and defence. 
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The best example of weapons with a purely mechanical 
action is furnished by the chebe of many of the higher 
Crustacea (crabs and lobsters). The appearance and mode 
of operation of these are too well known to need description. 
An interesting fact, however, in the lobster, is the almost 
invariable differentiation of the chelipeds into a large 
crushing pincer and a smaller cutting one. The latter kind 
is more slender in form with numerous accurately fitting 
teeth along the edges of the blades, while the crushing claw 
is heavier in appearance, and the teeth are large, blunt, and 
irregular. The lobster has been seen to hold its prey with 
the cutting forceps, and at the same time to administer a 
formidable blow with the larger claw. Indeed, it has been 
the experience of one of the writers to be treated in this 
way. Lobsters may be right-handed or left-handed, Ae 
large crudiing claw occurring on either side. OccasiooaUy 
specimens occur with the cutting forceps on both 
dielipeds, and very rarely with cruahii^ claws on both 
ndes. 

The strength of Crustacean chelae is often enormous. 
Plateau (quot&d by Fr^ericq, op. at.) has diown experi- 
mentally that the left chela of Carcmus ttusnas is capable of 
supporting a weight of nearly two kilograms, which is 
equivalent to nearly tiaity times the weight of the body, 
while the right chela is still more powerful. Compare 
this with the averts grip of a man's right hand, which, as 
tested by the dynamometer, is only capable of exerting a 
pull of 50 kgs., or a little more than two-thirds of his own 
wdght. 

It is not out of place here to speak of the strength of 
the adductor muscles of the molluscan shell, as it is largely 
on this that the safety of these otherwise defenceless animals 
depends. In estimatii^ the power of contraction of the 
muscles of various common bivalves Plateau takes not a unit 
wdght of muscle, but a unit sectional area of one square 
centimetre, as in this way complications due to the number 
and the length of fibres are avoided. 
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Pomr of Contraction of Adductor Miucks of Common 
Bivalves (after Plateau) 

Pec sq. cjn. — tectional ue* 
Venus verrucosa 12431 grams. 



Pectuncuba gfycmuris 




• io>i52 


MyHbit ahUs 




• 7,984 






■ 6.365 


Oslraa eiiib 




. 5.867 


CarHuineiiae 




. 2,856 


Anodonta cygiua (fresh- 


water) . 


702 



For purposes of comparison the power of contraction 
of the muscles of a man's calf, calculated on the same basis, 
may be put at 9000-10,000 grams, that of frog muscle at 
3000 grams. 

Redpiooal AilaptalionB on fiu Part ol Foes.— Where 
a particular form has some inveterate enemy it seems 
that the struggle between them has favoured reciprocal 
adaptations of attack and defence, which result in the 
establishment of a sort of equilibrium in which the two foes 
are about equally matched. A Gennan woricer, Bauer 
(1913), has made some interestii^ observations, though 
many of his conclusions are of a distinctly speculative kind. 
Bauer has observed Nassa reticulata escaping from pursuit 
on the part of the starfish Astropecten bispitiosus by a series 
(rf curious leaps, the snail employing the foot as a lever in 
the same way as the cockle. The movement is such a con- 
vulsive one that it is difficult to follow but appears to be a 
kind of somersault. The interesting feature, however, is 
that the escaping reflex is only exhibited vfhen the snail 
comes into direct contact with the skin of the starfish, nor 
is the snail's body everywhere equally sensitive to the 
stimulus. It is only when the tentacular-like extensions of 
the hind end of the body are touched that the reflex occurs. 
The writer was unable to induce the reflex either mechani- 
cally or chemicaUy but only through the medium of a star- 
fish, consequently one is forced to conclude that this is a 
case of a very specialised kind in relation to a natural enemy. 
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Bauer has noticed an absolutely similar case in an animal 
belonging to quite a different group, i.e. Pecten jacobtxtts. 
The remarkable swimming motions of this bivalve are only 
induced by the chemical stimulus of the secretion of the 
skin of the starfish. A similar phenomenon with regard to 
this secretion has been noted above (p. 107) when we were 
dealing with the function of Echinoid pedicellariae. 

While watching a starfish attempting to overpower an 
individual of Murex brandaris Bauer came to the conclusion 
that the strongly developed spines on this Gasteropod are of 
the nature of a protective adaptation, the starfish being 
prevented by the spines from enveloping the shell with its 
stomach. Bauer believes the strange forms of other 
molluscs such as Mwex trunaibis. Typhis tetraptents^ 
Trochon carinatus may be due to a similar cause. Again, the 
youi^ of Aiutra^um rugoaan have a strong resemblance to 
a cog-wheel, and so in spite of their small size are still pro- 
tected from the attacks of the starfish. In the adult animals 
the spines become less and less well developed, so that their 
protective value is doubtful. On the other hand, the surface 
of the shell becomes covered with numerous conchoidal 
scales, the shell coming to resemble closely a rasp or file. 

Bauer also develops an interesting theory with regard 
to the relations between Gasteropods and hermit crabs as 
suggested by a conflict in an aquarium between a hermit 
cr^ and a sndl {Murex hraadmis). The hermit crab had 
fastened on to the Mwex and, while holding fast to the 
spines, endeavoured to introduce its pincers into the shell 
opening. When, after repeated attempts, the crab had at 
length succeeded in jamming its pinoer a Uttle way between 
the edge of the shdl and the glass of the aquaiium, the 
snail raised itself a little and as the crab, taking advantage 
of the opportunity, advanced, the snail quickly jumped 
back against the side of the vessel. This movement was 
repeated at short intervals, when the crab, either through 
the shaking or the pressure on its chela, temporarily desisted 
from its efforts. Shortly afterwards the battle be^an anew. 
The crab had again got its pincer under the shell and the 
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snail, unable to remove it, altered its tactics. The shell, 
remaining pressed to the glass, turned quickly round tiirough 
a considerable angle, so that the anterior portion of the 
outer shell edge came to lie on top of the wedged pincer. 
By slowly movii^ its shell backwards and forwards the snail 
sawed at the limb until the crab withdrew, released its hold 
and fell to the ground. 

A similar result was obtained, though not quite so satis- 
factorily, with a piece of wood. In searching for an ei^lana- 
tion of the snail's conduct, Bauer remaAed that the edge of 
the shell where it pressed on the pincer v/as beset by a row 
of sharp teeth which, used in the manner above described, 
would act as a powerful saw. 

In the light of this phenomenon the relations between 
hermit crabs and snails seemed to Bauer to be less harmless 
than has been hitherto imagined, and he set himself to 
examine them afresh. 

If Gasteropod shells inhabited by hermit crabs are 
ezaAiined many are found to be damaged and the ftnctures 
have a characteristic appearance. The last turn of the 
spiral is broken off exactly as if by small tweezers or bone 
forceps. Other shells are undamaged, and these belong to 
particular species. Those of Nassa mutabUis, for instance, 
often show the ^ical fracture, while those of N. lacepedei 
are always tmd^maged. Bauer attributes these fractures 
to hermit crabs, and considers the reason for the immunity 
of certain forms is to be found in the thickened edge of their 
shells, on vMcb even the strongest hermit crab is unable to 
get a grip. 

Some sheila show periodic thi<ienings or ribs. For 
instance, Scalaria communis is distinguished by particulariy 
thick ribs of a strengthening nature. Bauer here comments 
tm the curious fact that he has never been able to find, 
either in museums or elsewhere, a shell in v^ch the last 
rib was not ezacUy at the shell e<^. Thia was the case 
in spite ctf the iact that shells, apart from the museum 
spedmena, were collected at all seasons. The p<ntions 
between the ribs must therefore be formed extraordinarily 
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rapidly, the time during which they are under construction 
bdng probably one of danger to the animal. According to 
Bauer, similar phenomena, \diich praubly have their 
biological e]q>lanati(»i in the relations between foes, are : 
(i) the reinforcement of the whole of the last turn in the 
shells of Cmtus and Cypraa ; (2) the strong calcareous 
operculum (sometimes with spinous processes) of numerous 
unrelated forms ; and (3) the frequency of the disk-like 
sh^>e in unrelated groups, which is a protection not only 
i^aiost wave-shock, as in Patella, but gainst marauders 
as well. 

The observations of Bauer are of considerable interest, 
and we have accordingly dealt with them at some lei^th, 
but it would be unwise to regard the various shell modifica- 
tions which he discusses as being due exclusively to the 
conflict between foes, though this is no doubt an important 
foctor. Some writers have seen in Gasteropod spines an 
adaptation to life in the sand, e^. Hunt (1885) ; others, 
again, regard them as the expression of some internal 
factor such as growth or age (Beecher, 1901). It is for the 
ecologist to unravel these various factors, to determine the 
manner in which they interact, and to estimate their relative 
share m the production of a particular form. 

Bstraveot — Competition on the shore is extraordinarify 
keen, and the methods of attack and defence are corre- 
spondingly varied. The dense crowding of this area 
and of its continuation, the shallow sea, gives a clue to 
the occurrence of special organs such as the pedicellarix 
of Echinoderms and the avicularia of Polyzoa which serve 
to keep the body free of encrusting organisms. Tliis 
encnistment of certain species by other sedentary forms 
may he of trivial importance or it mi^ be such as to 
cause considerable inconvenience. On the other hand, it 
may be brought under control and turned to advantage 
Apart from distinct organs of offence and defmce we are 
justified in speaking of " tactics " such as hiding, masking, 
protective coloration, warning coloration, mimicry, etc.. 
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which may assist an animal to escape its pursuers, or may 
less frequently be aggressive in character, enablii^ a car- 
nivorous form to stalk its prey unseen. 

Some form of protective armour (spicules, plates, spines) 
is of particularly frequent occurrence on the shore, since the 
necessity for retaining a firm hold on the substratum makes 
for slu^isfa movement and renders many shore forms very 
liable to attack. Shells and tubes have the double advanta^ 
of protecting shore animals both £rom enemies and from 
desiccation at low tide. Offensive weapons may act purely 
mechanically as, for example, the chebe of firabs and lobsters, 
or both mechanically and chemically, as the nematocysts of 
Coelentera. 

Very interesting is the suggestion that certain features 
of structure and behaviour have their explanation in the 
reciprocal relation of attack and defence between inveterate 
enemies. 
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AUTOTOMY AND REGENERATION IN SHORE AnIMALS 

A GREAT many animak are well known to have the facalty 
of growing anew, or regenerating, portions of the body 
irtiich have been lost as the result of an accident or of the 
attacks of other animals. Extreme cases are those in iK^iich 
an entirely new individual may be reconstructed from a 
relatively small portion of the body that has been left, or 
where, the body having been divided into two or more 
portions, as many new individuals are regenerated as there 
were s^ments resultii^ from the division. To give an 
example : worms, of all kinds, have very considerable 
powers of regeneration. One of the earliest experimenters, 
Bonnet, cut a fresh-water worm into as many as fourteen 
pieces and found that each piece produced a new worm, 
the anterior end in each case growing a new head and die 
posterior end a new tail. However much our ideas may 
vary as to the s^nificance of regeneration, we seem safe in 
supposii^ that so maAed a capacity for regrowth is correlated 
with the lowly and undifiFerentiated organisation of these 
forms. firoatUy speaking, the higher we proceed up the 
animal scale the less the amount of regeneration that is 
encountered, until, in the highest vertebrates, such power 
does not extend beyond the healing of comparatively simple 
wounds. This rule is, however, by no means without 
exceptions, some of the most striking cases of regeneration 
oonuiing among vertebrates. Newts of the genus Triton, 
for instance, can regrow both their legs and tail : in a famous 
experiment Spallanzani caused one of these an imals to 
regrow its 1^ six times. 
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A widely held vi«w is that which considers the power 
of regeneration to have arisen in connection with liability 
to injury. The more liable an animal is to be damped the 
greater would be its regenerative iacahy. This view has 
had particular support from Weismann, and also finds 
expression in what is known as Lessona's Law, which states 
that regeneration b most highly developed in those aninwb 
and parts of animals whi(^ are most exposed to injury. 
To us, who are dealing with the ecology of the sea-shore, 
there is perhaps a spedal temptation to adopt such a view, 
whence we could proceed with easy conscience to emphasise 
the special features of the shore struggle which we might 
regard as having fostered this power of regeneration, as it 
occurs in a number of shore animals. Unfortunately 
for such a piupose we feel too strongly the objections which 
have been urged by Morgan (1901) in his work on Regenera- 
tion. We may best summarise these objections by using 
Morgan's own words. " Our discussion," he s^, " has 
led to the conclusion that the phenomena of regeneration 
are not processes that have been built up by the accumulation 
of small adi^mces in a useful direction ; that they cannot 
be accounted for by the survival of those forms in which 
the diai^^ take place better than their fellows, for it is 
often not a question of life and death whether or not the 
process takes place, or even a question of leaving more 
descendants. On the contrary, it seems highty probable 
that the regeneration process is one of the fundamental 
attributes of living things, and that we can find no explana- 
tion of it as the outcome of the selective agency of the 
environment. The phenomena of regeneration belong to 
the general category of growth phenomena and as such are 
characteristic of organisms." 

It is because we feel the force of Morgan's view that 
regeneration pure and simple is a more or less fundamental 
prt^Kity of living matter, and is in consequence by no means 
a specific attribute of shore animals, that we have decided 
to leave out of account the niunerous experiments on 
regeneration v/iacb have been performed with animals such 
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as hydroids, aoemoDes, flat-worms, asddians, and bo on, and 
to confine our attention to this phenomenon only so ^ as 
it occurs associated \rith the process known as autotomy. 
The Utter process is generally of very much more restricted 
occurrence than regeneration and is yet of relatively frequent 
occurrence on the sea-shore, an association of facts which 
affords us considerable justification for regardii^ the two 
processes together as of the nature of a response to environ- 
ment. 

Autotomy is the term applied to the refiex act of throwing 
off a limb or surrendering a portion of the body in relation 
to some external stimulus. Probably the most familiar case 
of autotomy is provided by the lizard, which, when seized 
by the tail, at once breaks it off at a level c(nTesponding to 
that of the seventh caudal vertdira, or below, the act being 
rendered easy of accomplishment by the presence of a 
special weakened area in the middle of the vertebral" centra." 
Another interesting example of a similar kind is recorded by 
Semper and concerns snails of the genus HeUcarion which 
frequent trees in the Philippines. When grasped roughly 
by the " tail " (posterior end of the " foot '^ the snails 
escape in the same way as does the lizard, by leaving this 
part of the body bdilnd. The moat readily accepted 
eiplanation of these and nmilar cases is that they are 
protective adaptations. The taU of the lizard, for instance, 
on account of its conspicuousness, is thought to be particu- 
larly liable to attack, and since the autotomy provides a 
valuable means of escape, the process would have been 
fostered by natural selection. Autotomy does not necessarily 
atw^ require a breakii^ plane, but when one is present 
we think we are ri^t in saying that it is regarded as a 
refinement of the process : affording the most favourable 
conditions for subsequent regeneration or, it may be, reducing 
luemorriiage. 

This view c£ autotomy as a process which has been 
fostered by natural secretion has also been criticised by 
Morgan, who finds the same difficulty in picturing its evolu- 
tion on these lines as he does that of regeneration. Morgan's 
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criticism need not, however, greatly disturb us in this case, 
unce it is directed chiefly against the Darwinian theory of 
the manner in vdiich adaptations arise, and he does not, 
as in the case of regeneration, deny the influence of the 
environment. Certainly, in some cases, a relation between 
autotomy and the problems of the environment does appear 
to exist, and Morgan himself can find no other explanation 
of autotomy than " as an adaptive response of the organism 
to its conditions of life." We may now, however, leave 
general considerations on one side and turn to an examination 
of the numerous cases of autotomy encountered on the 
shore. 

Antotomy and BegenenUion in Decapod Cnntaeoa. — 
The faculty of shedding a limb is found in a number of 
crustaceans, but varies considerably in the degree of its 
elaboration. Basing our account on recent yrotk by Paul 
(1915), we may begin, as he does, by considering the prawn 
{JUander sqitdla), which exhibits autotomy in its least 
speciahsed form. 

When seized roughly by a leg the prawn extends the 
basal segment and, jerking itself backwards by a violent 
flap of its tail, causes the leg to £dl off at the jmnt between 
the second and third s^ments. This is the normal form of 
autotomy, and in prawns taken from the sea with a 1^ missing 
the break has always taken place at this precise point. 
A curious modification of behaviour is seen, however, when 
a limb is severed quickly with sharp scissors. The backward 
jump still takes place, but the linab is not autotomised and 
the animal, on quieting down, flexes it in towards the 
mouth and begins pulling at it with its jaws (autophagy). 
Later, the Umb resumes its normal position except that for 
a brief period the next sound joint is sharply flexed, a process 
which is thought to limit luemorrhage. 

In the lobster the process of autotomy is developed a 
step further. The rupture of the walking 1^ takes place, 
as in the prawn, at the region of the joint between the 
second and third s^ments, but a new element has now made 
its appearance, ^ce the break, instead of involving only a 
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toug^ mead)iane, ia partly through brittle calcareous matter 
as well. In the case of the great claws there is a breaking 
joint at the base similar to that in the crab's leg, which we 
are to study presently. Autotomy takes place only when the 
limb is roughly held or crushed ; a clean cut with sharp 
scissors across the limb does not result in the remainder 
of the limb being thrown off, but produces attempts at 
autophagy as in the prawn. The iact that the walking leg 
of the lobster requires to be held to produce autotomy 
suggests to Paul tlut autotomy is mainly of advantage as a 
means of escape. 

It is, however, in the Brachyura, or true crabs, that the 
autotomy reaches its highest development. In the walking 
limbs and chels of all Brachyura there is a definite breakmg 
piaiu situated in the middle of the second segment from the 
b&se (basi-ischium), and marked externally by a ring-like 
groove. On comparing the legs of the crab with those of 
the lobster, it will be seen that the groove in the crab's leg 
corresponds to the joint between the second and third 
segments in the other form. When the leg of a crab is 
injured it is invariably thrown off at the breaking plane. 
llie mechanism by which the autotomy is effected has 
recently been rwnvestigated by Paul {op. cit.), who, using 
improved methods, reaches a somewhat different conclusion 
from that formulated by Fredericq, whose researches in this 
field have long been familiar. Paul's explanation is as 
follows. The segment in which the breaking plane occtuv 
is connected by muscles to the basal limb segment and to 
iht body wall, a short extensor and a short flexor moving it 
on the basal segment, and a long extensor and long flexor 
joining it to the body. The tendons of the extensor muscles 
are inserted on a ring-like thickening of cuticle which 
surrounds the basal part of the second limb s^ment. In 
the ventral part of this ring is a slanting joint formed of 
material which is not calcified Uke the remainder (see right- 
hand of Fig. 10). The action of short and long octensorB 
being in near^ opposite directions their simultaneous 
contraction tends to pull the jointed parts of the ring 
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asunder, the result beii^ to cause great weakening of the limb 
at the breaking furrow. If the limb is now flexed its diatal 
portion will be brought into contact with the carapace, or 
poeeiblywith some ^eternal point of resistance, when the slight 
lateral force will be sufiicieat to cause the already weakened 
limb to siu^. In Portunus no lateral resistance is required, 
the antagonistic action of short and long extensors being 
sufficient of itself to cause splitting at the breaking plane. 



In a typical crab autotomy is a purely unise^mental 
reflex action, that is to say, it has its centre in a restricted 
area of the nerre cord, and can take place when the nerve 
cord is severed both above and below this area. It is only 
in the spider crabs that imperfectly successful autotomy 
may be completed by plucking with the forceps, and that 
higher nerve centres consequently come into action. 

One of the most remarkable circumstances associated 
with the phenomenon of autotomy is the occurrence of a 
membrane or diaphragm the function of which seems almost 
certainly to be that of preventing haemorrhage. The 
diaphragm takes the form of two flaps which stretch across 
the limb cavity from either side and appear to be formed 
from modified epidennal cells at ^e breaking furrow. It 
is pierced by a pair of foramina which allow for the pass^e 
of artery and nerve. Immediate^ after autotomy the crab 
extends the stump so that the diaphragm faces upwards. 
" The artery retracts and its torn end dilates, forming a 
little aneurism filled with plasma and lined with blood cdUs. 
The nerve also retracts, and the funnel-like flaps of the 
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diaphragm are forced over it owing to the great increase in 
pressure on the outer side of the menobrane. Meetii^ 
together, the flaps at once stop bleeding " (Paul, op. cit.). 

The question will possibly occur to the reader as to 
whether the blood of these Crustacea possesses special clotting 
powers which would aid in the prevention of hstnorrhage 
after autotomy. Tait (1913), however, who has made ex- 
periments in this direction, has not been able to establish 
a relation between the degree of blood coagulation and the 
process of autotomy. 

Other remaricable bets have been elucidated by Paul as 
to the nuumer in which a new limb is regenerated. Regenera- 
tion of the limb begins immediately after autotomy by the 
growth of epidermal cells over the stump, and eventually a 
papilla is formed which is really a limb in miniature. The 
new limb remains in this condition until inunediately 
following a moult, when it is apparently at once expanded to 
several times its previous size. This laying down of the 
limb in miniature and its expansion only when it is almost 
ready for use is in remarkable contrast to the gradual process 
of regeneration seen in other groups, and, according to Paul, 
must be interpreted as a beautiful adaptation to die needs 
of the animal, since the latter would only be hampered by the 
presence of a gradually regenerating limb. Similarly, the 
form of the papilla would also be adaptive. In the lobster 
which, in natural drcumstances, spends all its time under 
water, the miniature limb is straight, is covered by only 
a thin layer of uncaldfied chitin, and requires the presence 
of water for its support. In the shore crab, however, which 
spends a large part of its time out of water, the papiUa is 
compactly rolled (it may be folded on itself three times) 
within a tough envelope, and is quite firm in the air as well 
as in water. The hermit crab is said to be intermediate 
between these two other forms both as to its habits and as 
to the shape of its papilla. 

It is evident from the foregoing account that Paul is in 
no doubt as to the adaptive nature, in Decapods, both of 
the process of autotomy and of that of regeneration. He gives 
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the following figures relative to the loss of limbs in shore 
crabs taken from their natural habitat : — 
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From these tables it is seen that of crabs three years old 
and upwards collected from rocky shores, 50 per cent, are 
found to have lost a limb. On the other hand, among crabs 
collected ftum sandy beaches at the same time of year, the 
percentage is said to be very considerably lower. Paul con- 
cludes, in consequence, that the chief factor in producing 
autotomy is crushing by the movement of stones, and this 
would be most pronounced after winter storms. Fighting 
is not the cause, unce as many as fifty cr^ of various sizes 
live peaceably in one tank, and only one autotomised limb 
may be found in weeks. The purpose of self-amputation, 
as has already been mentioned, would be the prevention of 
luemorrhage rather than escape, since it allows the valvular 
mechanism at the breaking plane to close. In lobsters and 
prawns, on the other hand, the object of autotomy is thought 
to be escape. 

Against Paul's adaptive and purposive interpretation of 
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autotomy and regeneration there tells the fact, which he 
himself does not undertake to explain, that hermit crabs, 
which in natural conditions are very rarely found to have 
lost a limb, possess the power of autotomy and r^ene- 
ration in a marked d^ree. Again, in those forms with a 
breaking plane r^eneration may take place not only fiora 
the breakhig plane, but ftx>in other parts of the limb as well. 
It is possible that these two objections may be fairly met 
by supposing hermit cnbs to have inherited capacities of 
autotomy and regeneration though they do not need them 
particularly, and did not themselves evolve them. Never- 
theless, even supposing this explanation to be correct, other 
difiiculfies remain, such, for instance, as that of accountii^ 
for the manner in which — ^if we call autotomy and regenera- 
tion " adaptive " — these phenomena have been brou^t to 
perfection. The argument based on the accumulation of 
small variations in a particular direction is, in the case of 
processes of this kind, by no means convincing. 

The forma which we have been considering are, of course, 
not the only Crustacean species which exhibit autotomy. 
Most shore collectors have had personal experience of the 
autotomy of hermit lobsters (Galatheidae), and of porcelain 
crabs. Similarly, crabs of the tropical genus Graptus, when 
seized by a Umb, leave the limb in the hand of the collector, 
and make off so readily as almost to force him to conclude 
that the animal has a very precise appreciation of the 
dai^er which threatens it I loddentally we may notice 
that Pi^n (1907), who has studied autotomy in Gre^aus 
and in other groups, distinguishes between *' evasive " 
autotomy, which seema to him to be " voluntary " in the 
same sense as an endeavour to escape is voluntary, and reflex 
autotomy, which is much more general. The muscular con- 
tractions which cause autotomy in Grapsta are of the same 
order as the normal locomotor contractions. Voluntary or 
evasive autotomy is particularly well developed m Grapsus, 
but it also occurs elsewhere, as in hermit crabs. Reflex 
autotomy, according to Pi^n, is not universally distributed, 
even among the Brachytira. 
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ADtotranr and BegVMntkm In BcUnodannk— The 

foculty of self-amputation is, perhaps, still more widely dis- 
tributed anumg Echinoderms than in the group we have 
just been discussii^, but it is not accompanied by the same 
daborate provision that is seen in the shore crab, for exan^le. 
If the arm of the starfish Asterias ia held in such a way 
as to cause injury to the radial nerve, the animal will some- 
times throw off the limb close to the base. The arm is 
then graduaUy regenerated. Here, again, the tendency is 
to regard the autotomy as adaptive. It is probable that the 
sacrifice of an arm will sometimefl enable the starfish to 
escape, but whether it is legitimate to take this as furnishing 
an explanation of the act is somewhat doubtful. The 
relative frequency with idiich atarfishes are found to have 
autotomised limbs in natural circumstances certainly seems 
to indicate that the autotomy is definitdy of value to the 
animal. Thus, King (189S) found that out of a total of 1914 
spedmeiu of Asurias vidgaris there were zo6, or neatly 
II per cent., which had grown new arms, and with one 
exception all of these arose close to the disc — evidence that 
the anna had been autotomised and not merely torn off t^ 



Not onfy is ^ place cA an autotomised arm always taken 
by a new one, but a sii^le aim, provided it has a portion of 
the disc still attached to it, will regenerate a new starfish. 
Several workers have even found that in certain species of 
starfish, including Lmckia imdtifora and Asterma temaspina, 
a ungle arm, without any part of the disc attached to it 
whatsoever, may produce a new animal. The so-called 
" comet-forms," one of which is illustrated on Plate XI, 
are forms which show a new set of arms rq^eratii^ from 
a single arm in this way. In Aiteriat vu^aris, however, about 
half of the disc requires to be 1^ if the arm is to regenerate ; 
but in exceptional cases one-fifth is apparently enou^ 
(King, op. cit.). It has fordier been found by King that the 
rate of r^neneration is more rapid when the arm is auto- 
tomised, in the normal manner, doee to the disc, than when 
removed at a lower level. At first view this a[)pears to be 
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I. — Starfish regenerating Arms. 

To left, ft Bingle arm reaenTating a new disc nnd tour other armi (comet-forml. 
To riglit, a later stage showing liLipurity in size between originol arm and four re- 
generated arms. 



II. — Male Starfish (Sotatttr mdeca) Spawning. 
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a Btrong argument in favoiu- of the adaptive nature of the 
autotomy. Against such an interpretation, however, Moi^:an 
places the faa recorded by King that " although the arm 
r^enerates faster at the base, yet a new arm is not any 
sooner produced in this way, nnce there is more to be pro- 
duced, and the new arm from the base may never catch up 
to one growing less rapidly from a more <^tal cut-surface, 
but having a nearer goal to reach." 

The name " brittle-star " accurately describes the marked 
tendency, well known to shore collectors, which members of 
this group have towards autotomy. When removed from a 
rock pool to the palm of the band a brittle-star will fre- 
quency autotomise its arms, piece by piece, until practically 
nothing but the disc remains. Preyer (quoted by Ludwig, 
I90i)&id8 that autotomy occurs, as a result of various kinds of 
sUght stimuli, particularly readily in the six-rayed or seven- 
rayed Ophioactit vtrens, and also in OpModerma, Opfaoti^fxa, 
and Ophkfgfypha. Either the arm is shed in one piece — at 
a level above the pant of application of the stimulus — or it 
at once breaks up further into several pieces, the latter being 
the more usual method when the autotomy takes place out 
of water. 

R^eneratioa is said to take place at any region, and the 
same observations as in starfishes have htea made on the 
rate of regrowth of the arm at different levels; inotherwords, 
the closer to the disc the arm is severed the more rapidly it 
r^enerates. This has been noted by Stockard (1908) for 
OjMoeoma rmet and for another, undetermined, species of 
bphiuroid. Another writer, Morgulis (1909), has some 
interesting observations on the effect, upon regeneration, of 
injury to the radial nerve prior to amputation of the 
arm. He finds that if, in Opfaocoma pumila, the radial 
nerve is injured in advance only a small stump is regenerated. 
Similarly, if the nerve is destroyed close to the disc so little 
new tissue is formed that it is difficult to recognise it at all. 
When the radial nerve is left intact a long new part is re- 
generated. In cases where the brittle-star throws off die 
arm at the place of injury to die nerve, there is absdutely no 
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regeneration from the cut sur&ce so produced, vtiuU other 
amiB in the same spedmen with the radial nerve intact 
r^;enente normally. 

The discussion of autotomy and regeneration in star- 
fishes and brittle-stars affords a fitting opportunity to draw 
attention to another important aspect of these phenomena. 
This is the value of self-division as a means of propagation. 
Among single-celled animals multiplication by division is a 
perfectly normal phenomenon, and amoi^ the lower many- 
celled animals it is also by no means uncommon. Anemones, 
for instance, are capable of dividing lengthwise, and each 
of the halves gives rise to a complete individual which 
continues life on its own. 

One of the most remarkable of these cases of prop^tion 
by self-division is found in Syllid worms. In this family 
of marine worms, aa we shall see in Chapter XII, the 
hinder, genital portion of the body becomes separated 
off from the anterior non-sexual portion. The sexual 
portion then regenerates a new head, and the asexual portion 
a new tail, which will, in due coiuve, again become sexual 
and split off once more. In the genus Autofytus the process 
of separation is anticipated, as it were, by regeneration, and 
as many as sixteen complete worms may be found aa con- 
nected links in a long chain. 

It is hardly possible to disregard these facts -when 
attempting to find an explanation of self-division in the 
more special sense. Indeed, Morgan considers that the 
process of autotomy differa from the process of self-division 
as a means of prop^tion only in the fact that in autotomy 
proper the part thrown off does not produce another animal. 
Clark (1913), again, in conunenting on autotomy in the 
starfish Lmcfda, states that this process affords an asexual 
method of reproduction which is of prime in^Kutance. 
Considerations of this kind serve to point to the possibility 
of autotomy, in the strict sense^ being rather of die nature 
of a modification, for a special purpose, of the more funda- 
mental habit of self-division as a means of multiplication. 
This is a suggestion which is perhaps worth noting. 
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Structural a^nsiderations obviously preclude the possi- 
bility of autotomy playing any important part in the life of 
the sea-urchin. The ^ines, however, are continually being 
shed in the aquarium, and new ones regenerated in their 
place. Similarly, sea-xurcluns which have been captured by 
the trawl are also found to grow new suits of spines. 
New pedicellaria: are also constantly being regeoerated to 
replace those lost in combat and in other ways. Prouho 
(1887) found that if a fully-grown spine of Dorocidaris 
papiilata is broken off near the base the remainder is auto- 
tomised and a new spine regenerated in its stead. 

Sea-cucumbers are remarkable for showing a very 
thorough-going form of autotomy which, since it involves 
the internal oigans, is known as self-evisceration. When 
a sea-cucumber is strongly irritated by any of a large range 
of stimuli, the body contracts so violently as to compress the 
fluid within the body cavity and cause the gut to tear, and 
to be thrust out of the cloacal opening along with other 
viscera. Among the first of the viscera to be extruded 
are the Cuvierian organs or modified lower branches of the 
respiratory trees. These are extraordinarily elastic and 
stic^, and form a tough mass of white threads which look 
like cotton ; hence the popular name of " cotton-spinners " 
given to this group. In some species of Holothurian the 
tearing of the gut is aided by a modification of the muscula- 
ture cX the gut wall just behind the gullet. This extra- 
ordinary habit of self-evisceration has been the subject of a 
considerable amount of speculation. Attempts have been 
made, in particular, to find a purpose for the extrusion of the 
Cuvierian organs and of their curious property of swelling 
up in water. A widely-hdd view is that they serve for 
protection, animals such as crabs and fish becoming entangled 
in their meshes. Certainly, as Ludwig remarks, they cannot 
be used for attack, since evisceration has never yet been seen 
to be produced spontaneously, but only as the result of some 
perfectiy definite external stimulus. 

The drastic nature of self-evisceration in this group is 
balanced by the remarkable capacity these animals have of 
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regeneration. Normally, the left respiratory tree, the upper 
part of the gullet and the genital organs are ret^ned in the 
body cavity, but on occasion the whole of the viscera may be 
thrown off. Semper (quoted by Ludwig, 1889-92) records 
that a specimen of Hohthuria scabra, which had thrown off its 
gut close behind the ring-canal and the left respiratory tree 
and genital organs along with it, had regenerated everythii^ 
except the genital organs in nine days. The power of 
regeneration has also been found to extend to the <^careoua 
ring and to the tentacles. 

Stimuli of a more or less similar nature to those which 
cause aelf-e^nsceration in many Holothurians give rise in the 
Synaptids to a process of self-division. Contraction of the 
circular muscles of the body wall causes the body to constrict 
at one or more places, and to fall into pieces. Some species 
are said to be so sensitive as to break up at the least approach 
to rough handling, and are, in consequence, very difficult 
to collect and beep. Here, as in sevend other instances we 
have noticed, the nature of the phenomenon has not been 
satisfactorily explained. Quatrefages (184a), one of the 
earliest observers, tended to regard it as a normal mode of 
reproduction capable of occurring spontaneously. On the 
odier hand, it is generally agreed with regard to this process 
in Synaptids that it is only the head portions idiich r^enerate 
new individuals. Semon(i887)ha8noticedthattheautotomy, 
if we may so call it, occurs at the point where the body is 
gripped by the collector, the head end then burrowing 
quit^y into the sand. He consequently regards it as a 
means of escape from enemies, the animal saving its life by 
the sacrifice of a portion of its body. Ludwig (q^. at.) tends 
to the opinion that self-division in Synaptids is more or 
less of a pathological response to unaccustomed conditions. 
This view draws support from the fiact that in Quatrefages' 
experiments the self-division occurred more frequently as 
the period of confinement in the aquarium grew longer. 
Ludwig further points out that the restriction of this 
habit to the family of the Synaptids need cause no 
wonder, since they alone among Holothurians possess a 
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genuinely uninterrupted circular musculature in the body 
wall. 

mwenawioni Cum of Aatotomr-— It remains to notice 
one or two cases of autotomy which, though of minor impor- 
tance, are not infrequently brought to the notice of shore 
collectors. For instance, every shore naturalist will have 
noticed the readiness with which Polynoid worms autotomise 
segments, and, more especially, throw off their scales (elytra) 
when captured or kept in captivity. We have heard of no 
special provision by which this is achieved, but the observa- 
tions of Michel (1911) on Haksydna gelatinosa and Lt^ca 
extemiata prove that the casting of the scales is genuinely 
autotomic, and not the result of mere fragility, since they 
cease almost entirely to be shed when the animal is beheaded. 
Further, after a number of elytra have been shed the 
autotomy becomes more difficult, but after a period of rest 
is continued as readily as before. An elytron ^es no more 
than five days to regenerate, and a remarkable feature is the 
precision of the process. Not only is the number ^ical of 
the species always reproduced, but the original arrange- 
ment, in twos in certain segments, and in threes in others, 
is also preserved. 

Another minor case of autotomy occurs in Mo^A molluscs. 
Eliot (1910) remarks on his occa^onally finding an AniiopeUa 
with tiny r^enerating cerata instead of the normal large 
ones which have been lost, the animal presenting a totally 
different q}pearance in consequence. Other British species 
which commonly autotomise thdr cerata are Tergipes 
dttpectut, Gahina extgua, and Doto. In Proctonotus the 
cerata are glandular, easily detached, and have a special 
apparatus at the top which enables them to fasten to 
extraneous objects. When seized by an enemy they are 
said to adhere to it and disturb it with their secretion, while 
the slug itself crawls away. The tropical Discodom JragiUs 
and others are said to be capable of casting off the whole of 
the mantle margin, and yet to remain in apparent good health. 

BetnMpect— While our surv^ of autotomy and regenera- 
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tionoDtheBea-shorehasdisclosedanumberofinterestingfacts 
it has not enabled us to reach any one explanation which will 
apply to evety case of these phenomena. There is a general 
tendency to regard autotomy as of value as a means of escape 
from enemies, or^ at any rate, as an ad^tive response to 
particular featm'es of the envirotmient. Among the facts 
which lend colour to this view are the restricted occurrence 
of autotomy in general and its relatively frequent occurrence 
on the sea-shore, where the struggle for existence is admitted 
to be particularly severe. Thus, the remarkable structure 
at the breaking plane in the crab's 1^, whereby bleeding is 
reduced to a minimum, is regarded by Paul as having arisen 
in connection with the tendency of shore crabs to have their 
limbs crushed by stones. Tlie reality of the danger is 
thought to be proved by the number of crabs which are found 
to have lost a 1^ in natural conditions, the proportion on 
rodqr shores after winter strams beii^ as high as fifty per 
cNit. The autotomy of the legs and chebe of the lobster, 
on the other hand, is interpreted as providing a means of 
tacape from enemies, but the evidence for this view is of a 
more slender nature than that adduced in the case of the 
common shore crab. So far as the autotomy of starfishes 
and the self-evisceration of Holothurians are concerned 
the adaptive nature of these processes is, apart from 
one or two observations, almost entirely a matter c£ 
conjecture. 

Some cases of what we call " autotomy " may be nothing 
more than the normal asexual methods of reproduction, and 
others may be responses of a pathological nature to unaccus- 
tomed stimuli. Our own conclusion is that it is perhaps not 
inqK>8sible that the tendency of lower multicellular animals 
to reproduce by fission may have formed the raw material 
upon which, under the stimulus of the shore struggle, 
natural selection may have woriied in order to produce the 
more specialised forms of autotomy as seen, let us say, in 
the shore crab. The tendency towards fission, in turn, may 
be referred back to considerations of a mechanical kind such 
as weak lines occasioned by axial growth increase (cf. D'Arcy 
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Thompson, 1917, p. 151). As regards regeneratioii, if we 
take this to be a specialised form of fundamental regrowing 
and rejuvenesdng processes, we may admit the possibility of 
it, too, having bM»me adaptive in certain cases in much the 
same way as we have suggested for autotomy. 
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CHAPTER VII 
Parasitism, Commensalism, and Stmbiosis on thb 



Wb have seen, in the early part of this book, that, under 
the influence of environmental Actors, plants and nnimgln 
become sorted out into numerous more or leas distinct 
groupings or communities, the members of any one com- 
munity being, generally speaking, related to one another in 
virtue of the similar nature of the problems set them by 
their surroundings. In not a few cases, however, the 
relationships between certain members of a community are 
of a more intimate kind than is normal. These cases fall, 
for the most part, under three headings : (i) commensalism ; 
(2) parasitism ; and (3) symbiosis ; but they caimot aU be 
defined with equal exactitude, nor is the ^gnificance of any 
one of these associations to the forms concerned in it always 
of the same importance. 

Such associations are undoubtedly a result of the stimulus 
of competition , and the frequency of their occurrence on the 
sea-shore is eloquent testimony to the intensity of the 
struggle for existence in this area. They are the expression 
of a general tendency of evolutionary processes, acting in 
conjunction with or superposed upon the struggle for 
existence, to link lives togedier. The same peculiar con- 
ditions which have led to the growth of a numerous, varied, 
and resourceful population on the sea-shore have at the 
same time been the spur to the formation of the peculiar 
types of association we are about to discuss. The conditions 
we have in mind are, more especially, the narrow width of 
the tidal zone, the usually broken nature of its surfaces, the 
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extension of the area in the vertical as well as in the hori- 
zontal sense — all of which mean that a small area may pro- 
vide foothold for a great variety of creatures — and, finally, 
the influence of wave-shock in causing frequent displace- 
ments on the part of the animal inhabitants. All these 
features seem to make it probable that the needs and the 
opportunities of forming close relationships are more 
pressing and mmierous on the shore than elsewhere. 

Stages in tita Development ol latimate Aaaodatkuu 
(OommenaaUnn, Fanuitum, and SymUosig) among Shore 
Aniwi^h — ^There are many cases on the shore to illustrate 
how an intimate association between two forms of different 
kinds may have arisen. For instance, in shallow coastal 
waters algal spores settle upon every available surface, and 
it is quite usual to find various small algse growing upon 
many shore animals ; on the shells of the sluggish limpet, 
for example, or sometimes on the slowly moving periwinkles 
and similar forms, while trailing tufts of Enteromorpka fre- 
quently mark the position of cockles in the sand. Slow- 
moving Crustacea like Inachui, which live among algae and 
hydroids, generally carry a share of these organisms on their 
backs, and other Crustacea frequently carry small growing 
plants. These plants are usually without significance, 
although some of them may be fortuitously of advantage in 
concealing the individual to which they are attached. In 
certain cases (spider-crabs, etc.) they may have been 
placed on the carapace by die Crustacean. Whether it is 
legitimate to say that this is done on purpose is a matter of 
opinion (cf. p. 245). It is usual to find the small shore urchin 
Echimu im^riafu with a number of various algal fronds attached 
to its spines. A Pleurococcus-like alga has been described 
(Mortensen and Rosenvinge, 1910) as attacking brittle-stars. 
In this case the colonies of algse appear first on the back of 
the animal beneath the epidermis. Subsequently they may 
destroy the connective tissue, lay bare the food canal and 
cause death. 

A very interesting and instructive case is that of Odostoma 
ritsoides, vAdch both illustrates a stage in the development 
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of the parasitic habit and aifords an instance of hyperpara 
8itism(the parasitisadon of a parasite). This little Gasteropod 
is found exclusively among the old and resistant byssus 
threads of adult mussels which live affixed in cracks of the 
rocks in the east and south of La Tour de Croy, at Wimereux, 
etc. They are held firmly to their support by a slender 
mucous tturead secreted by a foot gland, and may be so found 
during low-tide. This species of Odostomia has no radula 
but is furnished with a long sucking tube. Experiment has 
shown that whenever the snail was placed in a basin together 
mth a fresh mussel it would first remain in the byssus, and 
then climb upon the shell of the bivalve,- about the posterior 
or ventral edge ; on arriving there the animal would extend 
its tube and introduce it in a curved maimer between the 
valves. Endeavours to infect Tapes, TelUna, and Mactra 
gave negative results. The Odostomia reaches 4 to 5 mm. 
in size. It is itself parasitised by a Copepod (Monstrilla 
helgolandica), which occupies the anterior region of the body. 
In parenthesis, it may be noted that O. rissoides, living as 
it does with the mussels above the limit of low tide, achieves 
its complete embryonic development within the egg capsule 
and does not possess a free pelagic stage, in the form of a 
veliger larva, like its relatives (Pelseneer, 1914). 

We have already commented on the number of different 
organisms to be found on the surface of some of the latger 
Crustacea (see p. 90). As a further example of the hetero- 
geneous collection of forms to be foimd assodated with a 
single species we may take the case mentioned by Pearse 
(1913), where a single crab {Carcmus horeaUs) bore on the 
dorsal surface of the carapace the tube-worm Spirorbis and 
the alga HUdenbrandtia ; on the right side anterior to the 
legs, a specimen of the limpet Crep^ula plana and its e^s ; 
on the legs, the tube-worm Spirorbis and a small Crepidula, 
and under the abdomen three mussels {Myt^). 

The common hermit crab Eupagurtis hemhardus, the 
younger forms (seldom the adults) of which are s6 abundant 
between tide-marks, makes use of shells of forms such as 
Littorina, Trockus, and Purpura v/iach themselves live 
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within tidal limits, and of other forms such as Buccimtm, 
TuniuUa, and Natica, which are found beyond low-tide 
mai^. With the crab is found the Polychiet NereiUpas 
fticata, a commensal which lives in the top whorl of the 
shell and probably changes shells with the crab. Upon the 
shell may occur either of the anemones Sagartia parasitica 
and Adamsia palUata (the latter species more rarely), colonies 
of the hydroid Hydractima ecfmata, and the sponge Suberites 
domuncula. Bot^ inside and outside occur the bivalve 
molliisc Anomia and the tubeworm Pomatoceros ; the 
Amphipod Podocerophis excavata almost invariably infests 
the dirt at the bottom of the shell, and with it is not infre- 
quently the small crab PorceUana hngicomis. True parasites 
are an Isopod of the genus Bopyrw, which inhabits the 
branchial chamber and the degenerate Cirripede Peltt^aster 
paguri (Jackson, 1913). 

Oommwualiam. — Strictly speaking, this is an external 
partnership between two forms of different kinds for mutual 
benefit. Many cases, however, exist which may be allowed 
to come under this heading where the advantages resulting 
from the association are by no means equally divided, and 
may, in tact, be entirely on one side. From such a state 
of afEairs the step to parasitism is not a long one. Similarly, 
the step to commensalism from a relationship which is at 
first merely that of neighbours, is equally short. 

Issel (1918) describes specimens of the fish Serramts as 
standing sentinel outside the holes or crevices inhabited 
by Octopus. This is probably a very loose association, the 
fish feeding upon the remains of the Crustacea devoured by 
the mollusc. Frequently, one form will take advantage of 
the shelter a£Forded by the body of another form, and the 
two are then usually described as being commensals although 
the benefits are aU on one side. Colonial forms such as 
sponges and corals offer safe biding places, and are much 
utilised by other animals. A common example of this 
incomplete (wmmensalism is that of the bivalve Modiolaria 
and the sea-squirt Ascidia mentula, the mollusc colonising 
the whole of the " test." Occasionally an association of this 
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kind becomes more intimate, and has important consequences. 
For instance, there are certain small crabs of the genus 
HapaJocarcaats, which become profoundly modified in form 
owing to the fact that they pass the greater portion of their 
life confined in small cavities in coral colonies. At an early 
eiag^ the crab settles between two coral branchlets, and so 
affects their growth that they broaden, and later coalesce to 
form a so-called gall, which is about the size of a large nut. 
Each of these appears to be occupied by a solitary female 
crab. The male is free-living (cf. Pmnotheres, p. 145) and 
visits the, female vAai.6 the galls are still open. The crab 
does not feed on the coral, but probably lives on small 
organisms drawn in with the water current (Potts, 1914). 
Reference has already been made to gall formation in the 
common seaweed Ascophylkim nodosum, due to youi^ forms 
of MytUui eduHs occupying the air vesicles. The growing 
valves cause the tissues to split. The plant is stimulated 
to respond, and abnormal form results. 

The classical example of commensaUsm is provided by 
the hermit crab of British coasts Eupagurus prideauxU, and 
the sea-anem»ne Adamsia palUata. The anemone serves to 
conceal the crab, and may find its reward for doing so in the 
scraps of food let drop by the Crustacean. No doubt, also, 
the presence of the anemone is an aid to the crab in attack 
and defence. Another spedes of hermit crab, Eupagurus 
pubeteens, almost invariably has the shell in which it is living 
entirely concealed by the sponge Suherites domuncula. On 
rare occasions (in three cas^ out of several thousand, accord- 
ing to Ebnhirst) another species, E. bemhardus, is found 
with the same sponge. As we have already noticed, the 
top whorl of the shell of the last-named species is tenanted 
by the worm NereiUpas fucata. This worm, in fact, was 
probably the first tenant of the empty shell and tolerates the 
subsequent advent of the crab because of the food which the 
latter procures (Homdl, 1892). 

E^rimental analysis of the commensalism of anemones 
and hermit crabs tends to show that this association, in 
certain cases at least, is not a chance one. Brunelli (1910), 



b, Google 



PARASITISM, ETC.. ON THE SEA-SHORE 137 

for instance, states that the contact of the henoit crab 
Pagurus arrosor with the anemone Adamsia rondeletn stimu- 
lates the latter in perfectly definite ways. Similarly, the 
occurrence of the anemone Antholoba retictilata upon the 
back of a crab (not a hermit crab) is due to the fact that 
the anemone directs its efforts towards the attainment of that 
position. If the anemone is dislodged it attaches itself to 
the sea-bottom, spreads its tentacles and waits. In four or 
five days it frees itself and turns upside down. As soon as 
the base of the animal comes in contact with the leg of a 
crab it lays hold and folds itself about the limb. From this 
position the anemone gradually climbs up on to the back of 
the crab, and there establishes itself. On the part of an 
animal without nerve ganglia this is an interesting piece of 
deliberate behaviour. 

Amoi^ the most curious cases of commensalism are those 
illustrated by certain species of crab i^ch carry about 
anemones in their claws. The crab MeUa tessellata carries 
either a Sagartia or a Bunodeopsts in each claw (Fig. 11). 
These two anemones are interchangeable, and the crabs may 
reject a small polyp of the one kind to take up a larger 
q>ecimen of the other. The anemones are dislo<^ed by the 
insertion of the crab's first walking leg between the animal 
and the substratum. The crab then travels with the Actinians 
expanded and directed forwards, sometimes waving them 
from side to side. When irritated it will move the claws 
towards the source of trouble, thereby placing the anemone 
in what may be regarded as the most favourable defensive 
or aggressive attitude. Food secured by the anemones ia 
abstracted by the crab, which uses for this purpose the first 
pair of walking legs. The chelipeds have no other function 
(whether for agression, defence, or grasping) than that of 
carrying the Actinians, and this habit seems to have become 
essential to the crab though not to the anemone. The crab 
secures most of its food from the anemone, and also protec- 
tion through its stinging-cells. It is considered to be an 
advantage to the anemone to be carried about, and so 
brought into contact with prey, despite the disadvantage of 
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having much of its catch abstracted by the crab (Duerden, 
1905)- 

Although we have purposely refrained hitherto from 
introducing the Protozoa we cannot leave the subject of 
conunensalism without a reference to the many forms of 
single-celled animals (Infusoria) which occur in or on the 
bo^es of a number of shore forms, and, since there is no 
evidence of their producing injurious effects, are usually 
spoken of as being comment with the animals they inhabit. 



FlO. II. — a,Cnh {Mtlia tesitUata) bearing in iti claws two aDcmoDet; 
6, cUw much enlarged. (From The Fauna and Geography of Hit MaidtB* 
and Laccadive Archipdagoa, after Bomdaile.) 

They are particularly numerous, for instance, in the gut of 
Polychst worms, and on the gills of molluscs, Issel (1918) 
mentions various species of Protozoa commensal with 
Littorina. According to this writer, the commonest forms 
are of oval shape, flattened and very active. They move 
about over the surface of the gill lamellze. The individuals 
of a less common species are usually united in small groups, 
and are fixed to the gills of the host by the base of their 
cylindrical body ; their free extremity is spherical and sur- 
rounded by a rii^ of cilia. Issel names tUs second species 
Seyphidia Uttorina. 
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The commonest forms belong to the genus Ancistrum, 
and are characteristic dwellers among the gills, occurrii^ 
in many other Gasteropod molluscs also. The cUia are long 
and powerful, the mouth opens posteriorly on one of the 
narrow sides of the body. One of the surfaces is concave, 
and is provided with a denser plume of cilia which work in 
a determinate direction, exacdy like those of Rotifers. These 
cilia work in opposition to those of the gills, otherwise, of 
course, the InAjsorian would be swept away. Issel states 
distinctly that Ancistrum is not parasitic, but probably 
fiuictions as a sweeper of the gills, ingesting excremental 
products or loose cells. They might possibly become 
harmful if they were too numerous. 

FanuiUnn.— The late Prof. Max Braun (1906) defined 
parasites as " living organisms which, for the purpose of 
obtaining food, take up their abode, temporarily or per- 
manently, on or within other living organisms," but to us 
this definition seems hardly adequate. We might extend 
it somewhat as follows : " Parasites are organisms which 
take up their abode, temporarily or permanently, upon or 
within other organisms in order to feed upon ^em or to 
share their food, and which are more or less specialised for 
that purpose." The term parasitism, however, must 
always be somewhat elastic in new of the varying forms 
this habit takes. There are few animala that do not harbour 
some unbidden guest, yet numerous as parautes are on land 
they are still more numerous and varied under aquatic 
(pi^cularly marine) conditions. 

Parasites are without doubt descended from free- 
living ancestors, and are generally considered to have been 
evolved, by degrees, from forms that in the universal search 
for food have been attracted to other forma by reason of 
surplus food, body products, shelter, etc., and have thence 
become more and more closely associated with such forms 
until, finally, they have come to depend wholly upon the 
food which they obtain at the expense of these hosts, fre- 
quently to the victims' serious detriment We have, then, 
a long series of stages ranging from cases where parasitism 
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has become an integral and unalterable habit, through other 
forms where the inter-relationsfaip is less close or stable, to 
cases in which doubts may be entertained as to whether the 
plant or animal in question ia or is not a parasite. 

In particular, some confusion of thought would appear 
to have arisen through the tendency to regard as parasites 
creatures such as Ichneumon-fly grubs or Myxiae, the 
Hag-fish, which are really predatory animals eating from 
within instead of from without. There is a sense, of coiu'se, 
in which all predatory animals are parasitic, but the main 
point of difference here between a predatory and a truly 
parandc animal is that the former encompasses the death of 
its victiniB, whilst the latter seeks merely to be tolerated. 

We may distinguish parasites as b«ng temporary (or 
occauonal) when they use a host for a part of their life- 
history or at feeding times only ; permanent (or stationary) 
when the host is never left by the adult parasite ; facultative 
in the case of animals resorting to parasitism only as 
a second-string ; and incidental ythea they occur on unusual 
hosts. Those which confine themselves to the exterior of 
the host's body are known as ectoparasites, while those which 
dwell within the host's body receive the term endoparasites. 
We may summarise the most essential of these features as 
follows : — 

Ptratitti : i«. form* living lEcloparmiUs : confining thenuelves to the 
in or on odier oisaninna | eztedor of the bott's body. 
and obtaining food from t Feeding on di- 

diem without readeriiw J EndobarasiUi : dwelling 8"*^ *'***^ "' 

fciUing dieir hoits. V V tiuue. 

There is great diversity in the form, habit, and life-history 
of parasites. In some instances we have species with 
sedentary parasitic females and free-living males (or now 
and again the reverse may occur), while in others both sexes 
may be parasitic. An asexual reproductive phase may 
alternate with the normal sexual manner of reproduction, 
and so on. Nowhere are the many different possibilities 
better illustrated than among Nematodes. There is in &ct 
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among Nematodes " scarcely a stage that may not be 
parasitic ; the eggs, the larva, the adults are all in some casea 
free, in others parasitic, and in many cases Brst the one and 
then the other " (Shipley, 1896. See also Boiradaile, 1918). 
Parasitism exerts a marked effect on nearly all the nntmiilB 
which practise it, whether they are ectoparasites or endo- 
parasites. There is frequentiy a loss of activity, of appen- 
dages, and of sense organs on the part of the parasite ; the 
form of the parasite is more or less modified and adapted to 
that of the host, or to smt that part of the host where it 
locoes. Organs such as hooks, spines, suckers, and claspers 
are developed to facilitate the adhesion of the adult, or to 
asrist the entry of the larval parasite into the host's body. 
So profound is the modification in some instances that the 
place of the parasite in classification can only be determined 
by reference to its development. Hermaphroditism and 
great fertility are characters very generally exhibited by 
endoparasites. The effect on the host is sometimes severe 
and may cause death. Malnutrition and growth abnor- 
malities frequendy result from the presence of a paraute, 
and in eictreme cases the host's sex-orgaos may be rendered 
sterile. Some parasites, however, do not cause recognisable 
disturbance in their host or do so only when present in 
unusual numbers. Others, such as tapeworms, have been 
shown to produce substances which act as toxins upon their 
host and have effects analogous to those produced by 
pathogenic bacteria. Generally speaking, a baknce is main- 
tained between host and parasite which tends to limit the 
amount of injury, since the death of the host would, in 
many cases, entail the death of the parasite also. The 
number of parasites affecting a particular host varies very 
considerably ; one individual may at times harboiu- thousands 
while in other cases only a few are normally present. Atten- 
tion has been drawn to the fact that many endoparasites 
derive their sustenance from the tissue fluids of their host 
or from the liquid nutriment in the latter's gut. Such forms, 
though they may be associated with land animals, are 
aquatic rather than terrestrial in their mode of life. 
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All parts of the host are liable to infection, but parasites 
are most general in the alimentary canal ; they are frequent 
also in the swim-bladders of fi^es, the lungs, Uver, body 
cavity, and serous spaces, bladder, sex organs, heart, blood- 
vessels, eye or brain of various animals, or encysted in the 
skin, connective tissues, muscles, or nervous system. (See 
Ward, 1918.) In hct, no organ of their Invertebrate or 
Vertebrate hosts is immune. Parasites are, however, most 
common in Vertebrates and Insects, Crustacea and worms 
being less frequently infected ; while the chief groups 
supplyii^ paraatic species are the Protozoa, PUtyhelmintbes 
(Flukes and Tapeworms), Nematoda (Round-worms and 
Thread-worms), and Arthropods (Insects, Mites, Ticks, etc.) ; 
but nearly all the other invertebrate groups show parsatic 
forms also. With r^;ard to the origin of the complex forms 
of parasitism with alternation of hosts, it has been suggested 
among other theories that the present intermediate host is 
possibly the original one, and at one time harboured both 
larval and adult stages. In time, as evolution proceeded and 
other and h^her animal forms were produced, later stages 
of the parasites would have sought out other hosts from 
among these higher animals. If this is correct we are able 
to understand how it is that a particular parasite has its 
larval stage in an Invertebrate animal, and its adult stage 
in a Vertebrate form, as so often happens (Fantham, 
Stephens, and Theobald, 1916). 

The commonest shore parasites belong to one or another 
of two groups, viz. the " worms "and the Crustacea. Amoi^ 
the latter, ^e form which most frequently comes under the . 
notice of the observer is Saccuktut. This well-known para- 
site of the conunon shore crab {Carcams mcenas) d^enerates 
into a sac-like mass of gonads which is external and a root- 
system which penetrates every part of the body of the crab 
and draws nourishment therefrom. The adult parasite bears 
no resemblance \^tever to a Crustacean, and it is only the 
fact of its passing through a lua^Hus and a <ypns stagis in the 
course of its development that enables us to class it, along 
with the common rock-bamacle, as a Cirripede. The 
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portion of the parasite which protnidea conusts nuinty of 
the reproductive organs surrounded by a " mantle," which 
has a small opening surrounded by a sphincter muscle (see 
Plate XrV). The visceral mass is fixed to the host by a 
short stalk which penetrates the abdomen and gives off a 
number of branching roots that serve to absorb nourish- 
ment from the crab's tissues. 

With regard to the development, the larva escapes from 
the mantle-opening as a naupHus. Subsequratly it passes 
through a cypris stage, and then eventually attaches itself by 
one of the antennules to the base of a seta «tuated on any 
readily accessible portion of the crab's body. After mider- 
goii^ a series of profound changes the larva penetrates the 
soft cuticle at the base of the seta by means of a specially 
developed boring o^;an, and gets into the blood stream. 
By this means it is carried to the under side of the intestine, 
where it becomes attached. The fact that the crab carries 
its abdomen closely apposed to the under side of the thorax 
makes it practically impossible for the larva to enter at or 
near the point where the adult is seen to emerge, and the 
larva can only reach this position in the manner described. 
(See Delage, 1884, and Smith, 1906.) 

Both SaccuUna and PeUogaster (a form very similar to 
SaccuUna, which attacks hermit crabs) exert an important 
influence on their hosts. In particular, the effect of the 
paraute upon a male crab is to convert it towards the female 
condition. Externally, the resemblance of a parasitised 
male crab to a female is practically complete. The copu- 
latory s^les, which are the only abdominal appendices of 
the male, give way to the normal swimmerets of the female. 
Internally, the effect is to cause the testes to degenerate and 
to destroy their functions. Not least remarkable is the iact 
that, if by some means the parasite should drop off its victim, 
the cells of the testes still remainit^ give rise not to sperms, 
but to ova. Smith (1913) considers the effects upon the 
male crab are due to the roots of the parasite affecting the 
crab's metabolism in the same way as does the developing 
ovary, viz. by thdr taking up fat and stimulating the ovary 
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to make more. Generally speaking, the effects of -this 
parasitic castration of the crab accord with those observed 
in the case of the castrattoti of domestic animals by man, 
though it should be noticed that the results in the second 
case are due to the absence of a hormone. The effects of 
SaccuJma upon the female crab are less far-reaching, and 
are merely diose of speeding up the q>pearance of the adult 
female characters and of partly dutroyii^ the ovary. 
(Smith, 0^. cit., and Potts, 1906.) 

A remarkable example of a parasitic " chain " was pro- 
vided by Perez's (1903) discovery of a hyper-parasite upon 
a Saca^ina which was parasitising a pea-crab (Pinnotheres), 
the latter dwelling in a bivalve (Spondylus). 

Another crustacean, the pea-crab {Pinnotheres pisum), 
inhabits the shells of various living bivalves, particularly the 
mussel. This association has long been known, and is even 
depicted in Egyptian hiert^lyphics, where it has been inter- 
preted as signifying the dependence of man upon his friends. 
Recent reswrches, however, would seem to show that the 
relation between crab and mussel is not that of partnership, 
but rather that of parasite and host. 

Field (1913) found that the stomach contents of the pea- 
crab were composed of diatoms and other materials utilisable 
by the mussels as food, and Wright (1917) found that 
Pinnotheres never (or at most, very rarely) occurred within 
poorly nourished mussels, although it was frequent in those 
from the fishing grounds, where the shell-iish were fat and 
were making rapid growth. He concludes that the assoda- 
rion is a profitable one from the point of view of the crab. 
In certain cases where the female had attained a relatively 
large axe it would seem to have exerted considerable 
pressure upon the mantle-lobes and upon the shell beneath, 
causing, in some cases, the nacreous layer to be dissolved 
away. 

In a recent communication to Nature (1920), Orton throws 
further li^t upon the habits of the pea-crab. In order to 
observe what takes place within the mussel a window was 
cut in one of its shells. The large pea-crabs were usually 
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found to ut on the middle of the bivalve with a pair of the 
bivalve's gills on each side of them, and in such a position 
as to bring the edge of a gill-leaflet up against the abdomen, 
the smaller crabs being found in any position, but most 
often upon the gill. The position taken up by the crab 
enables it to feed without trouble by scraping its claws over 
the gill and transferring to ita mouth the mucous strings of 
food which are in process of being wafted along to feed the 
mussel. In new of the way in which the crab robs the 
mussel of its food and of the manner in which it is adapted 
for that purpose we are justified in regarding it as a paradte, 
although ita ^ects upon the host are not of a serious nature. 

Orton's researches, which at the time of wiitii^ are not 
yet complete, brii^ out several facts of interest in connection 
with the Ufe-bistory. Thus the females appear to be 
dimorphic, since they are male-like when still very small and 
only assume the adult female characters after insemination, 
which occurs at a very early stage. The male apparently 
visits the female after the latter has taken up its abode in 
the mussel, since male crabs have been found trapped 
between the shell-valves on their way in. The extremely 
tough carapace of the pea-crab is regarded as adaptive since 
it prevents the animal being crushed to death when caught 
in the way described. 

Turning to the smaller members of the Crustacea 
(Entomostraca) we find the parasitic Copepoda passing the 
greater part of thdr lives as parasites upon fish and other 
pnimaia. They often occur in great numbers upon any 
particular host and may assiune strange forms, many loung 
almost all resemblance to their free-living relatives. Tlius, 
they may be worm-Uke in appearance and show other 
profound structural modifications. ScHne bore into the 
tissues of their host, while others fix themselves to the gills 
orelsewhere. All these parasiticCopepodsarefree-swimmJog 
in their early stages. In some, the male, though hi^y 
organised, is very small and lives what is practically a 
parasitic life on the body of the female. (See Marsh, C. D., 
in Ward and Whipple, op. cit.) 

L 
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Not a few of these parasitic Copepods are foxind asso- 
ciated with shore animals. Herdman (1892) has noticed 
the occurrence of a minute species, Lichomolgus agUit, in a 
□umber of cockles, and considers it to be a commensal, 
Eliot (1910} reports the occurrence of members of the same 
genus as common external parasites of Nudibranch molluscs. 
Tliey occur on a number of spedes, their coloration vaiyii^ 
with that of the host. Copepods are also the most common 
internal parasites of both Eolids and Dorids. Though th^ 
are ri^tly called internal parasites their egg-sacs may project 
outside the body of the host. The female of another Cope- 
pod {Trockicola enterica) described by Dollftia (1914) is 
foimd in the rectum of the common shore molluscs Trockus 
xissypkinus and GHAula cineraria. This parasite is elongated 
and worm-like tn form, bright red in colour, and almost 
fills the rectum, reaching a length of 8 mm. Only one 
individual occurs in each host. 

Well-known fish parasites of this group are CaBgus, 
LepeopkOieina, and others. The species L. pectorahs is 
most Sequent upon Pleuronectes fiesus, the flounder, and the 
males and immature forms of both sexes are to be found all 
over the skin on each side of the fish. Mature egg-bearing 
females, however, are usually situated under the pectoral, 
pelvic, ventral and dorsal fins, and as many as twenty to thirty 
may often occur under each pectoral fin. They are affixed 
by means of thdr powerful second maxillipeds, assisted by 
the antemue. These creatures can move rapidly over the 
skin of the fish if irritated (except mature females which only 
cling tighter), and they can also swim freely. (Scott, 1901,) 

The remaining shore parasites which we have to consider 
belong to the worm group, and to the flat-worms in parti- 
cular. The flat-worms are at once the most highly specialised 
and the most ubiquitous parasites in the animal kingdom. 
They illustrate all the most characteristic features of para- 
sitism including great fertility and complicated life-histories. 
Very frequently the life of the parasite is linked up with 
two quite distinct animals, one a vertebrate and the other 
an invertebrate, the adult parasite occurrii^ in the former. 
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A possible explanation of this alternation of hosts was put 
forward earlio- in this chapter, viz. that the present inter- 
mediate host may be the original one and that, as evolution 
proceeded, later stages of the parasite came into association 
with other and higher forms. If this is correct, th^ it is 
not difficult to see that the chances of such a thing happening 
are greatest at the point where two or more distinct faunas 
meet and interact. Id other words, the conditions for 
parasitic linkages of this kind are nowhere more favourable 
than on the sea-shore. 

Thus it is, no doubt, that great numbers of parasitic 
flat-worms, particularly " flukes," have their intermediate 
stages in shore-dwelling molluscs. The life-history of the 
common Distomum hepaticum, the cause of the sheep 
disease known as " liver-rot," which is familiar to every 
zoological student, may be taken as closely resembling the 
life-histories of those Trentatodes which are connected with 
the shore. It should be noted, however, that while sporo- 
cysts and cercariie have been recorded from numerous shore 
aninkals, the complete life-history has in many cases not been 
worked out. 

The common periwinkle LUtorma littorea harbours 
Cercaria Unearis in the kidneys and mantle-cavi^ and 
Echmoslomum secundum and C. lophocerca in the digestive 
gland, while the whelk {Buccinutn urtdatum) has three species 
affecting this latter organ (Lebour, 1912— 16). 

The cockle has Bucephalus haimeanm throughout the 
body, Gytmiopkalhs margariUe under the umbo, a third 
spedes in the visceral mass and a fourth in the foot. The 
first-mentioned form, which is a larval stage of the adult fluke 
Giuferortomam^aafcjcww of the"angler," may entirely spoil 
the cockle for edible purposes. Small adult Trematodes are 
also to be found in cockles and two species are known to 
occur in the mussel. The tissues of the edible and shore 
crabs are often crowded with the c^ts of the fluke Spelotrema 
exceUetis. The digestive glands of infected molluscs look 
unhealthy, and are of a grey or ackly yellow, or of a pecu- 
liarly unnatural orange colour. For the most part the 
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injury is due to the presence of sporocysts and rediee, 
encysted cercaris seeming to do little or no barm to die host 
even when present in great nimtbers. The adult flukes are 
mostly to be found in various fishes and sea-birds, which 
feed upon dK molluscs containii^ the intermediate stages 
above mentioned (Lebour, op. cit^. Jameson and Nicol 
(1913) state that no fewer than sixteen distinct species of 
Trematodes are knovm from the Scoter Duck ((Edemia 

More than academic interest attaches to the life-histories 
of these flukes, since the cercarife are often responsible for 
the formation of pearls. Jameson pointed out in 1902 that 
the agent in formii^ pearls in tlie common edible mussel 
{MytUm edulis) is the larval stage of a Trematodc, possibly 
Leucithodendritttn somateruB {Gymtu^haUus cedemia), which 
hves in the Scoter Duck. The cercatia reaches the space 
between the mantle and the shell and causes a portion of the 
epithelium of the mantle to become separated off as a circular 
sac. The cells forming the sac then secrete an organic 
substance known as conchiolin and also calcareous salts, 
which are deposited in concentric layers around the remains 
of the parasite. The precise method of pearl formation 
in different molluscs is still a matter of discussion. It 
is quite certain, however, that true pearis are by no 
means always due to the presence of parasites, but may 
originate from the inclusion of foreign bodies such as sand- 
grains or from some internal cause. A good account of 
the various theories of pearl formation 'iiM be found in 
Dakin (1913), who summarises the most important investiga- 
tions up to that date. 

In view of the great nxunber of Trematodes whose 
existences are dependent on those of shore animals the 
comparative rareness of larval tapeworms in shore inverte- 
brates is a matter for surprise. Many fishes, of course, 
harbour tapeworms ; the skates and rays, for instance, are 
particularly subject to the attentions cH Cestodes, but the 
intermediate stages are usually in other fish. Cysticercoida 
have been obtained from various molluscs, e^. Solm oqgwia 
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and Pleurobranckutiaid from the cephalopod Sepiola athniica, 
but these cannot be called common. The same remark is 
true of the intennediate stage of a Tetrarfynchus fowid m 
Nudibranchs. 

Nematodes or thread-worms occur in numbers on the 
sea^shOTe. They may be free in the substratum or parasitic, 
bodi on shore weeds and animals, A small thr^-worm 
is responsible for the small growth irregularities or galls 
frequently seen on Ascophyihm. All fi^es, shore forma 
included, ore likely to be parasitised by Nematodes, which 
occur either in the gut cavity or in the wall of the gut or in 
the body cavity. For the most part shore Nematodes are 
of small size and unlikely to attract the interest of the 
ordinary observer. A very lai^ form, however, Icthyonema 
grayi sometimes occurs mthin the test of the edible sea- 
urdiin Echmus esculentus, almost filling the cavity. 

SrmlitoaiB. — ^This term is appUed, in the strict sense, to 
the close physiological association of two distinct ot^anisma 
for mutual benefit. So intimate, indeed, is the symbiotic 
relationship that one or both of the partners may be incapable 
of living alone. The most £uniliar case of symbiosis is 
that of the lichens which occur so frequently on trees, on 
rocks above high-tide maik, and elsewhere. As is well 
known, every Udien is the outcome of a partnership between 
a fui^us ami an alga, the hitter supplying the chlorophyll 
and the fungus forming, as it were, the matrix weaving 
the separate algal cells together into a sin^e, complex 
entity. 

Another illustration is provided by the mycorrhizs of 
trees, an intimate association between the tissues of plant- 
roots (particularly those growing in humus),and the mycelium 
of a fungus. The fui^us decomposes organic substances 
present in the soil and hands them on in assimilable form to 
its partner, profiting, in return, by the protection and safety 
from drought wbici the higher plant affords. The reason 
why certain plants, such as heaths, are difficult to transplant 
is that the partnership, owing to the disturbance of the soil, 
has been temporarily destroyed. 
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Similar relationships are not infrequent between plant 
and animal. The plants are minute unicellular green or 
brown cells known as Zoochiorelhx and Zooxanthella, and 
they dwell within the tissues of some of the lower inverte- 
brates, such as sponges, hydroids, sea-anemones and flat- 
worms. The moat striking partnership of this kind is that 
between particular kinds of minute algae and the small 
flat-worms Cottvoluta roscqffensis and C. paradoxa. The 
appearance and occurrence of C. roscoffensis have been 
described elsevrfiere (p. 239). The species C. paradoxa is 
the less abundant of the two and occurs on seaweeds which 
are epiphytic on lai^er weeds such as AscophyUum and 
Himanthtdia. 

Both species of worm contain plant cells, which are green 
in the case of C. roscoffensis and yellow in that of C. paradoxa. 
The green cells are judged to belong to the Chlamydomona- 
defe, and have been provisionally assigned to the genus 
Carteria. They occur in large numbers just below the 
surface of the body of the animal. It is sometimes stated 
that the worm is dependent for its food on the products 
of photo-synthesis on the part of the a^ ; but this appears 
to be not altogether correct, since Convoluta has not lost its 
power of independent nutrition. Apparently, one function 
of the plant cells, at a particular period, at least, is to serve 
as an excretory system to the worm, by receivii^ (it is 
thought) nitrogenous decomposition products from its 
amceboid cells. These wanderii^ amceboid cells act as a 
digestive system to the worm by ingesting and circulating 
food particles. The worm contains no green cells when 
bom, but these obtain entry from the sea-water later on. 
When once they have entered the tissues of the worm 
the plant cells become modified and lose their nucleus so 
that they are thereafter incapable of leading a free existence. 
At first, as we have already stated, they serve as an excretory 
^tem to the wormi but later on, apparently, the worm 
turns on its ally and as^milates it into its own tissues. 
The relationship between plant and worm thus variea 
with age. It is remarkable that while Convoluta feeds 
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ravenously for the early part of its life on diatoms, algal 
spores and oi^anic debris, when approaching maturity 
it ceases to feed altogether and nourishes itself entirely 
00 the symbionts in its tissues (Keeble and Gamble, 
1904-7). 
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CHAPTER VIII 

The Movements of Shore Animals 

The animals of the shore may be divided into two great 
physiological groups : the sessile and the freely moving. 
Between the permanendy sessile forms such as sponges, and 
the essentially roving forms such as Crustacea there is every 
grade of activity. Sessile forma are relatively very numerous 
on the shore ; indeed, so widespread is this sedentary habit 
among invertebrates generally that as Will^ (191 1) suggests 
" something peculiarly primordial " would seem to lie at 
the back of it. This is an interesting point, but we shall 
reserve further discussion of it until we come to deal with 
behaviour in the vride sense. The advantages of the 
sedentary habit have already been seen. We may note, 
however, that there is no such thing as a sedentary terrestrial 
animal ; to animals such a habit is only possible in the 
water, and in moving water at that, the latter serving to 
transport the food. Physiologically the only sedentary 
animals which are not aquatic, viz. the endo-parasites, are 
really equivalent to aquatic animals in this respect, since 
they are bathed on all sides in a nutrient medium. Without 
exception, the larvae of sedentary animals are free-swimming, 
as otherwise it would obviously not be possible to secure 
distribution. 

The methods of achieving displacement on the shore are 
very varied. Owng to the fact that water is relatively very 
much denser than air a correspondingly lesser amount of 
structural adaptation is necessary for an animal in the fonner 
medium to raise itself from the ground. Consequently, there 
are not a few bottom-living foims on the shore wUch are 
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capable of swunming as well as crawling or burrowing. 
Moreover, the varied nature of the bottom and the topo- 
graphical position of the shore at the junction of land, air, 
and water mean that among animals living on or frequenting 
the littoral practically eveiy conceivable means of locomotion 
can be studied. 

The bodies of freely-moving animals and ihe hulls of 
moving ships, etc., provide a convenient means of transport 
for sedentaiy forms, and it is fully utilised by them. 
Whether or not a particular larva of one of these sedentary 
animals will settle upon a moving or upon a stationary object 
would seem to be, however, almost certainly a matter of 
pure chance. And yet there must be more in it than this, 
for how have barnacles, for instance, acquired the resistance 
to changes of saliniQr, temperature, etc., which enables them 
to cling to a ship during the whole of a loi^ voyage ? 

As some of the most characteristic types of displacement 
we may enumerate the following : clambering, gliding, 
swimming, burrowing, jumping, gliding on or hanging from 
the surface film. Before entering upon a detailed discussion 
of movement under these headings it will be profitable to 
notice Gamble's (190S) interesting treatment of this subject, 
in which he asks us to im^ine a man in a boat provided with 
oars and a boathook. The methods of progression possible 
to this man are four, and they are analogous to four in^mrtant 
mediods of movement among animals. They are : by 
punting with one of the oars against the bottom, comparable 
with the way in which many animals use their le^ or similar 
appendages ; by hauling against obstacles on the banks 
just as burrowing animala (worms, Crustacea, and insects) 
use hooks and claws to cUng to the sides of their burrows ; 
by sculling over the stem exactly as a fish uses its tail ; 
and, finally, by rowing with a pair of oars, which is not 
unlike the way in ^^ch insects and birds use their wings, 
thou^, in the latter case, in order for the analogy to be 
accaiate we must picture the man as romng with his face 
towards the bows. 

g. — ^Probably the animals showing some form 
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of scansorial adaptadoa are the most numerous ; the uneven 
nature of the substratum is largely responsible for this. 
Many others again spend their time climbing among sea- 
weeds where they find their food or to which they cling, at 
least, in order to resist dislodgment by water movements. 
Biologically, such forms correspond to the terrestrial wall 
and rock climbers or to arboreal forms. Adaptations to 
climbing over rocks and weeds are well seen among the 
group of Decapod Criistacea sometimes referred to as the 
R^tantia, whidi includes the lobsters, hermit crabs and their 
allies and the true crabs. In contrast to the swimming forms 
or Natantia (shrimps and prawns) the Reptant Crustacea 
tend to have their bodies dorsally flattened ; moreover, the 
thoracic limbs are much more strongly developed. The 
lobsters are more or less intermediate forms ; those which 
show the greatest d^ree of adaptation to the clambering 
habit are the crabs. In the crabs the body is, of course, 
very much broadened, and with this broadening, first obvious 
in the hermit lobster Galathea, as Newbigin (1901) points 
out, the insertion of the legs moves outwards " so that the 
body becomes more definitely adapted to the creeping 
habit." Moreover, in typical clambering forms like the 
crabs, of the five pairs of thoracic legs only the first pair is 
chelate, the remaining four pairs being devoted exclusively 
to supporting the body. But it is chiefly in the long 
straddling legs with their incurved claws that the crab shows 
itself adapted to clambering and to taking a grip of flat 
stones ; it is not too much to say that there is something 
rcsembUng an ectoparasite about the appearance of a crab. 
Stebbing (1893) quotes the followii^ description by Miss 
J. M. Arms of the method <^ locomotion of the common 
American species of crab Cancer irroratus : " The legs of 
one side are used to push with and those of the other to 
pull with, when the crab is in motion. Those of the same 
side do not, however, all move together, but alternately, 
so that there is no halting in their gait ; some of the legs 
are always in the act of taking new steps and by shoving 
and pulUng in unison a continuous motion is kept up." 
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This crawling by means of jointed appendages can be readily 
imitated in the following way. " Cross the two wrists side 
by ude, placing the fillers down on a level table ; bind 
the wrists by an elastic band, hold them well up from the 
table, so as to show the fingers. Then let one set crawl 
while the otiier pushes, so as to keep up a continuous motion 
sidewise without assistance from the arms. The terminal 
sections of the legs show wear only on the points where these 
are inserted in the ground." In tropical crabs of the genus 
Grapsus the art of nwving over a broken surface has appa- 
rency reached a high degree of development. Speaking of 
the forms G.grapms and G. str^osus, Alcock (1902) says that 
they are exceedingly difficult to catch, running very fiist and 
dodging and doubling like a hare — " th«r bodies are so thin 
and fiat that they can cling to any sur&ce, however steep ; 
they keep such constant watch that one can never surprise 
them, and even when you think you have succeeded in 
cutting off tiieir every chance of escape, they hurl themselves 
headlong into the sea and disappear." 

Amphipods, like Gammarus, which climb over weeds 
have their bodies laterally flattened, and when clambering 
over a weed with fine branches the plant is grasped between 
the appendages, the lateral extensions of the body-covering 
(pleura) aiding the animal in keeping its balance. Both 
An^hipods and Isopods have the last joint or claw of the 
legs incurved and the limbs show the same general 
adaptation to clinging as do those of crabs. In L^ia the 
shape (flattened dorso-ventrally) of the body is adapted to 
climbing over rock and stones rather than over weeds. 

The Pycnogonids are found climbing over seaweeds and 
zoophytes, a habit to which they are admirably adapted by 
their long slender appendages each of which ends in a sharp 
recurved claw. The movements, however, are slow and 
deliberate, " manifesdy not adapted to capture or to kill 
a living prey " (D'Arcy lliompson, 1909) 

It is not surprising that the Arthropods should furnish 
such a large number of ectoparantic forms when the nature 
of their appendages fits them so vrell for clinging. It is 
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interesting to conuder how for shore conditioiiB have opened 
the way to ectoparasitic habits. For instance, Pyetugoman, 
a rather stouter form than most, is frequently found clinging 
in close contact with some laige anemone such as TeaUa, 
" ndiose living juices it very probably imbibes " (D'Arcy 
Thompson, loc. cit.). It is rarely, as we shall see, that a 
particular animal is restricted to a sole mode of locomotion ; 
thus in addition to hanging on to seaweeds and hydroids 
some Pycnogonida are able to perform gende swimming 
moventents. 

Without a doubt, the most Highly specialised form of 
locomotion on die shore is that characteristic of Echinoderms, 
e.g. Atteriat rubens. It is one peculiarly adapted both to a 
rocky substratum and to progress between tide-marks where, 
in addition to climbing up vertical surfaces or beneath over- 
hanging ledges, the aidmal is obliged to keep a firm grip to 
avoid dislodgment by wave action. The oi^ans of locomo- 
tion are, of course, the tube feet, and the power capable of 
being exerted by these is so great that, when an attempt is 
made to remove a starfish, they will break rather than release 
hold. The customary explanation of the locomotion of the 
8tar6sh is very much as follows : the tube feet, distended 
mth fluid, are swui^ forward in the directicoi of movement 
and placed upon the substratum. By muscular contracdon 
in the lower part of the tube feet the water is forced back 
into the ampuUfe and a vacuum is thus created between the 
under surface of the foot and the surface of attachment. By 
means of the hold so obtained the starfish pulls itself a short 
distance forward. Contraction of the ampullae then forces 
the water into the lower part of the foot, destroys the 
vacuum, and the hold is released. The tube feet are now 
swung forward again and the cycle of movements repeated. 
With this view, namely that die starfish ia supposed to haul 
itself along as one might do by attaching ropes and then 
shortening them, Jennings (1907) is in disagreement. Loco- 
motion has been shown by this writer to proceed normally 
when the animal is placed either on a gr^sed surface, the 
attachment of the suckers being thereby impeded, or on 
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loose sand, when the exertion of even a small pull would at 
once bring away the sand-grains to which the sucker is 
attached. Jennings' explanation is that the action of the 
tube feet is essentially simitar to that of the 1^ of a higher 
animal. In walking, each tube foot is extended fonrard, in 
the direction in wMch the animal is moving, the angle the 
tube feet make vnth the ray depending on the position of 
the ray relative to the direction of movement. The tip of 
the foot is then pUced against the surfoce, the sucker helping 
to give it firm attachment, and the whole tube foot is given 
an inq>ulse to swing back. Since the tip is i^ainst a solid 
body and does not slip, this badiward impulse results in 
moving the body forward. The tube foot thus acte as a 
partly rigid lever for pushing the body forward, and not as 
a rope for hauling. Apparently, according to Jennings, the 
adhesive action of the tube feet only becomes of primary 
in^KHtance when the starfish is climbing a steep sur&ce or 
ban^g in an inverted position. 

Forms such as Astropecten which live and burrow in 
sand have no suckers, and are unable to climb vertical 
surfaces ; in view of the nature of the habitat this is, how- 
ever, not necessary. They move by means of the arms, 
v4iich are used as shovek (Delage, 1903). 

Gemmill (1912) has shown that locomotion in sea-urchins 
may be achieved by means of the lantern (aided by the 
spines), the animal ndung itself on the tips of its teeth, 
which, pressing hard against the supporting surface, result 
in the accomplishment of a forward step or, rather, lurch 
After each step the lantern is retracted and swings forward 
so as to bring tiie teeth into position for initiatii^ a new step. 
By allowing the sea-urchin to travel over a sur&ce spread 
with a thin layer of plasticine Gemmill has obtained interest- 
ing records of the mechanism of locomotion (see Plate XIII). 
The lantern is employed mainly when the animal is out of 
water, but it is sometimes of use during partial or complete 
submergence in travelling up a slope or in mounting rapidly 
a vertical (rough) surface. In particular, accordii^f to 
Gemmill, the emplc^ment of the lantern during putial 
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submergence may be of the greatest service to urchins in tbe 
lower region of the shore by allo^ring them to escape into 
deeper water when the outflowing tide threatens to leave 
them in an unfovourable position. Similarly, in view of the 
many occasions in the normal habitat when the tube feet 
are imable to get a hold (sand, mud, rocks, etc., covered by 
growths of fine algs, etc., or powdered with sand or mud), 
the action of the lantern will lend valuable aid to that of the 
spines. 

The employment of byssus threads by the mussel is 
interesting because it illustrates a method of progress by 
hauling on ropes, and then shortening them, which, prior 
to Jennings' interpretation, was believed to be that of the 
starfish. ^A^liamson (1907)1 who has made a number of 
interesting observations on the movements of the common 
mussel (Mytilus edulis), quotes Lang as stating that the mussel 
is able to climb up a perpendicular wall by lifting itself by 
the foot and then making fast a thread, the length and 
character of &e latter varying with the degree of extension 
of the foot. Suspended from the position thus secured the 
animal may obtain further points of hold for new threads, 
and from this situation may then climb a further stage. 
The method described by Williamson by which mussels 
endeavoured to keep in the water by sUckening the byssus 
will be noticed later in this chapter. We may notice here, 
however, the way in which a mussel may break its attach- 
ment when not bound by other mussek. A solid object is 
foimd to which the tip erf the foot may adhere ; the foot is 
then shortened, and a strain is thrown on the byssus ^^ch 
results in snappmg some at least of the threads upon which 
the strain betus. Even though some of the threads remain 
the mussel is free to change its position to a certain extent, 
and when the byssus is too strongly attached to break, the 
mussel may get free by tearing it out by the roots. More- 
over, without any aid from the foot the byssus threads may 
be tautened and relaxed by the action of the byssus muscles. 
(Williamson, loc. cit.) 

A feature of considerable biological interest in connection 
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with shore fishes is the tendency shown t^ certain species 
of blenny to leave the water for short periods to clamber 
over the rocks in order to bask in the sun. For this purpose 
the pectoral and pelvic fins are employed, in both of which 
the fin-rays are firm and fleshy. In point of fact the ventral 
fin on each side is reduced to a couple of stout processes 
resembling fingers. 

Any adaptation of particular interest noticed in a shore 
form in tenqierate regions invariably occurs in more intense 
foshion among equivalent species in the tropics. Thus 
Alcock {pp. cit.) has observed the bdiaviour cdF Gobies of 
the genera Periopkthalmus and Boleophthabma which frequent 
the mangrove swamps and muddy shores of the lado- 
Padfic. During the daytime these fish may be seen baskii^ 
in the sun, or hunting for food, " raisii^ themselves on their 
fleshy pectoral fins, as a man, whose legs are paralysed, 
might use his arms. When pursued, they ^e great ^ringa, 
u^g their tails and ventral fins for the purpose ; and if 
they cannot escape into the sea, they will dive down a crab's 
burrow, or dash into a bunch of mangrove roots." Like 
the British " shanny," these tropical gobies are exceedingly 
wary when out of the water, having, as Alcock remarks, 
" eyes like swivels " (see Fig. 14, p. 207). 

GHdiiis. — Many shore forms progress by a smooth con- 
tinuous form of movement in which the lower surface or 
special oi^an of locomotion remains in close contact with the 
substratum, e^. anemones, Turbellarian worms, Gasteropod 
molluscs. This form of locomotion is best described as 
gliding. It is employed in the first place by anemones, 
several species of which are capable of not inconsiderable 
displacements. According to McClendron (1906), who has 
carried out observations on MetruJium morginotum, the 
method of progres^on is similar to the ordinary creeping 
of a snail ; a succession of waves travels trom behind forward, 
but in the anemone the waves are larger and not so rapid 
or regular. The undulations of the foot progress in the 
direction of locomotion. The functionally posterior foot lets 
go at several points and slips forward and this contraction 
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is carried forward ; on reachii^ the centre of the foot 
the contracted portion rises forming a wave that deepens 
as it approaches the " anterior " end. On reaching the 
" anterior " edge the wave is retarded by the firmer attach- 
ment of the ed^, vdiich releases locally, breaking the wave 
into segments. A wave requires about a minute to traverse 
the foot, and before it has disappeared another commences. 
The same writer has also obs^ed that anemones thrown 
into an aquarium ejected acontia which caught hold of any 
solid near them and contracted until some portion of the 
foot touched the object and caught hold. In a later paper 
McClendron (1908) has described a species of Cradactis 
from the Tortugas \^ch Is able to crawl on its tentacles, 
something after the manner of the fresh-water Hydra. The 
tentacles employed are outside the ordinary ones, and are 
branched structures resembling fronds of seaweed. They 
are not used for conveying food to the mouth, but catch hold 
of the substratum, from which, by considerable writhii^, 
the animal loosens the base and wdks inverted on its tenta- 
cles to a new pUce where it rights itself and settles down. 

Many anemones, while they remain for long periods in 
die same spot, are capable of becoming distincdy active, at 
least in the aquarium, and then cover considerable distances, 
It is likely, however, that owing to the smooth bottom and 
sides of Uie usual aquarium tan^ the distances covered are 
greater than they would be on the shore — but this is merely 
a matter of conjecture. Dr. Williamson, of the Scottish 
Fishery Board, has observed the movements of a large 
Metridtum dtantkus in captivity, and has kindly supplied us 
with tracings of the successive positions occupied by the 
pedal disc. From these data the accompanying di^;ram has 
been compiled. An interesting point in connection with 
the movements of this specimen is that the periods of activity 
would seem to be regularly punctuated with periods during 
which the animal, though apparently imsettled, moves but 
little. Or to look at the matter in another way, the larger 
movements seem to be prefaced by a series of purely local 
movements. 
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Turbellarkn worms, e^. the common Leptoplana 
tremettaris, are remarkable for their flat shape, which enables 
them to mamtain the whole of the under smface of the 
body in the closest contact with the substratum. Locomo- 
tion is effected by the cilia of the ventral surface aided 
probably by the loi^tudinal muscle layers of this surface 



WATCH J-EVEZ. 







Fia. 12. — Succettive poaitioiu occupied by pedal ditc of a krge 
tnaaaut (Mttridian tUaattua) on die glut of an aquarium tank during 
a period of diree and a half weeks. 

(Gamble, 1896), and results in a remarkably even flowing 
motion which is very beautiful to watch. The terra " pelli- 
cule animee " or " living film " often appUed to these forms 
is exceedingly apt. Turbellarians also utilise the surface 
film of water, and are able to swim very gracefully. Both 
of these methods of locomotion are dealt with under other 
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headings. Like snails, Turbellarian worms lay their (mn 
track in the shape of a glandular secretion whidi bathes the 
body and enables the cUia to work equally well on different 
substrata. The common Planarian Dendroccebim lactea, 
whose usual method of progress is like that of LeptopUma, 
is said to perform, if alarmed, a series of rapid " looping " 
movements by affixing a sucker, situated on the under surface 
of the head, to the substratum and pulling up the posterior 
end close behind this (Gamble, Joe. at.). 

A considerable amount of research has been directed 
towards the mechanism of locomotion in Gasteropods, which 
are essentially gliding forms. The organ of locomotion is, 
of course, the muscular " foot " which, morphologically, is 
a thickening of a portion of the ventral surface of the body 
wall, and whose under surfece in the univalve molluscs is 
a flat sole. Modifications of structure occur in relation to 
the nature of the normal habitat, and in many forms there is 
a certain differentiation into r^ons called propodium, 
mesopodium, and metapodium respectively. The anterior 
portion or propodium is most strongly developed in genera 
which crawl about in wet sand, e.g. Natka, Sigaretus, OUva, 
Harpa, Sct^hander, where " it seems to serve as a sort of 
fender or snow-plough, to push the sand away on both sides 
of the path the animal is traversing " (Cooke, 1895). Accord- 
ing to Woodward (1913), the expansion of the foot in the 
Nadcidx is assisted by the presence of aquiferous spaces, 
which are completely separated from the drculatory 
apparatus. On the other hand, in forms such as Bucdman 
imdatum the lower margins of the foot are greatly extended, 
which allows the animal to crav^ on the surface of the sand 
without sinking in (Woodward, he. cit.). 

The mechanism of locomotion may be studied by allow- 
ing the mollusc to creep over a piece of plate glass. When 
a snail is observed tn this way die optical effect, according 
to Woodward, " su^ests a rapidly fiowii^ stream pro- 
ceeding from the tail to the head, and this is due to the 
successive raising, moving forward and replanting down of 
succeeding portions of the under surface of the foot, and is 
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comparable to the mode of progression of a caterpillar, save 
that only the creeping surface and not the whole body partici- 
pates in the action. The lateral mai^ins frequently do not 
share in this motion, but have a gentle, lateral, undulating 
movement of their own." The foregoing description is by 
no means applicable to the gliding movements of dH Gastero- 
pods. In Littorhm, for instance, the foot is divided into 
two halves by a median groove, and the animal moves by 
lifting and advandi^ the alternate halves, the mode of 
locomotion being comparable, according to Woodward, with 
that of a man with his ankles tied toge^er. Robert (1908), 
in discusung locomotion in HaHotis, Helix, Chiton, Litiorma, 
and other Gasteropoda, maintains that two modes of muscular 
undulation in the foot — from in front backwards and vice 
versa — may cause progression, but the waves are not always 
equally distinct, and the matter does not seem to admit of 
short formulation. Vlte (1907) divides the different types 
of wave-motion to be seen on the foot of creeping molluscs 
into two groups : (i) direct, i.«. forwards in the direction of 
progress ; and (z) retrograde, i^. horn front to back. The 
group of " direct " forms is further subdivided as follows : 

(a) monotaxic : one or more waves visible traversing 
whole width of foot, e^. HeUx, Umax, Arion 
(terrestrial); 

(i) ditazic : two ^^stems of waves, each occupying half the 
foot, with ^ median line unaffected, e.g. Hahotis, 
Trochus ; these are rapidly movii^ forms ; 

{e) tetraxic : four systems of waves, two sets of lateral 
alternating waves ; seen in small species of Littorvta. 
The group of " retrograde " forms contains the following 
types: 

(a) monotaxic, e^. Chiton ; and 

{b) ditaxic, e^. Littorina Uttorea and L. rudis. 

Swimming. — In addition to creeping or gliding over the 
substratum (stereotroptc) numerous shore forms, leaving 
fishes on one side, possess in more or less developed fashion 
the power of swimmii^ (pleotropic). It is, in fact, a feature 
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of shore animals that they are by no means tied to a par- 
ticular mode of locomotion. For instance, the Planarian 
worm already mentioned, Leptoplana trettuUarit, when 
alarmed oc in search of prey, may exchange the gliding habit 
for that of swimming, which it performs somewhat in die 
manner of a skate except that the undulations are more 
rapid. According to Gamble {he. cii.), in swimming " the 
expanded fore parts of the body act as lobes which are 
flapped rapidly up over the body and then down beneath it, 
undulations nmnlng rapidly down them from before back- 
wards." Again, as pointed out by Eliot (1910), some 
Nudibranch molluscs which are provided with lateral wing- 
like expansions or with flat tdb have some powers of 
swimming, e.g. Efysia, and even clumsy-lotAing Dorids 
^en dropped into a few feet of water may find their way 
to the bottom with movements like those of a flat fish. 

We owe to Eisig (1906) a very thorough-going analysis 
of the methods of locomotioD in Aimehds. The pre- 
dominant method of locomotion is described by this writer 
as " podial — undulatoiy," and consists of a horizontal undu- 
lating movement of the body in conjunction with the move- 
ments of the parapodia. In this form of locomotion, 
successive parapodia on the same side of the animal are 
working in opposition. When the imdulations consist 
of numerous small waves of low intensity, each individual 
wave embracing only a small nimiber of segments, the 
resultant progress is described as a swimming gait 
(" Schwimn^ang," or " Marche natatrice " of Bohn). With 
an increase in the amplitude and intensity of the waves the 
animal rises irom the bottom and begins to swim (e,g. Nereis). 
In typically swimming forms {e.g, Nephtkys) the undulatory 
element predominates. Cases of purely undulatory locomo- 
tion occur in forms such as Nemerteans but not in Annelids, 
although undulatory movements (albeit in the vertical plane) 
are performed by tubicolous Polycluets in connection with 
respiration within the tube. 

Crustaceans of the genus Poritmus have the last two 
joints of the last pair of thoracic appendages considerably 
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oqKUided and flattraed, and are known as swinuntng 
crabs. Stebbing (1893) quotes Gosse as having observed 
species of this crab in the Caribbean Sea and among the 
gulf-weed in the tropical Atlantic, shooting through the water 
almost like a fish, " with the feet on the side that happens 
to be the front all tucked close up and those on the opposite 
side stretched away behind, so as to hold no water, as a 
seaman would say, and thus offer no impediment to the 
way." The swimming powers of British species of the 
genus are not nearly so well developed and the paddle-like 
last pair of thoracic limbs are used as much for shovelling 
sand as for swimming. ' 

A peculiar form of swimming may be observed in the 
common scallop Pecten opercularis, and to a lesser degree in 
P. maximus. The mechanism of this curious jerky motion 
has been described by Vl^ (1906) and by Dakin (1909). 
Briefly stated, the movement is due to the sudden expulsion 
of water (brought about by the vigorous clapping of the 
shell-valves) in a narrow jet at each side of the dorsal ec^ 
of the shell, the pallial folds acting as a valve and preventing 
the escape of the water elsewhere. The opening of the shells 
is normally in the direction of movement, the hinge behind. 
As in many other forms, however, a sudden danger or 
stimuhis gives rise to vibit may be called a special flight- 
reaction, the animal reversing its normal procedure, and 
darting away with its hinge-line foremost. Dakin (loc. cit.) 
suggests the following structural modifications as being in 
close relationship with the swimming habit : the equilateral 
character of the shell, the evolution of a muscular mantle- 
fold or velum, the large single adductor muscle with its 
adaptations for rapid contraction, and also the large internal 
cartilage for opening the shell. 

BnnowinK. — The number of burrowing forms occurring 
on the shore is very large, and, as one might expect, the 
majority are Annelids. The advantages of this habit on the 
shore are, as we have seen, protection both from enemies 
and from drou^t. In addition, the sand or mud of most 
shores contains a laige amotmt of organic debris, decajring 
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weed, algal spores, etc., which provides rich nutriment for 
those forms which are able to extract it. Since the object of 
bmrowiDg ia predominantly concealment, Eisig has applied 
the term " cryptoid " to this form of locomotion. He . 
further recognises three or four subdivisions according as 
to whether the chief agent in burrowing is the proboscis 
(e.g. Gfycera) or the paropodia {e.g. Aphrodite, Psammolyce, 
etc.), or whether the initial movement is one of swimming 
(e^. Nephthys, Sthenekas) or a screw-like (helicoidal) motion 
(e^. Lumbriconereis). 

Another group in which the burrowing habit is exceed- 
ingly well developed is that of the Crustacea. In some 
forms the burrowii^ is only veiy superficial and temporary 
(prawns and shrimps) ; others, particularty tropical amphi- 
bious forms, excavate galleries in mud and sandbanks which 
are practically permanent. Between these two extremes are 
numerous forms which excavate temporaiy burrows that 
are destroyed at each new tide, e^. the common sand-hopper. 
Many interesting accoimts have been given of the habits of 
the burrowii^ Crustacea of American shores, but it is only 
possible to accord them the briefest mendon here. The 
method of burrowing of the American " fiddler " crab 
{Gelasimus pugilator) has been observed by Verrill and 
Smith (quoted by Stebbing, 1893). TTic holes made by 
this species are mostly from half an inch to an inch in 
diameter and a foot or more in depth, the upper part nearly 
perpendicular, becoming horizontal below, vrith a chamber 
at Uie end. The moist sand is removed in small pellets, 
the crab transporting each pellet to a distance of four or five 
feet from the hole before depositing it and nmning quickly 
back for a new load. Another writer, Smallwood (1903), 
has made a number of interesting observations on the habits 
of the American " beach-flea " {Ttdorchestia longicomis). 
The burrows, from 4 to 20 cms. deep, of this species may 
occur over an area extending from a short distance below 
ordinary h^h-tide mai^ to a little above the spring-tide line, 
and are temporary. The animal rests in a small chamber at 
the lower end, always in damp sand, and the hole is usually 
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closed by sand from the bottom or by falling sand as the 
animal enters. In addition to burrowing, the " beach-flea " 
can also run and hop but swims with difficulty. The 
corresponding British species is the common Taiitrvs 
orchesHa. Another burrowing Amphipod, which is of very 
common occurrence on sand and mud-flats between tide 
limits in this country, is Corophmn hmgicome. 

Among Crustacea the burrowing habit has led, in many 
cases, to numerous adaptations of structure in relation to 
digging, and particularly in connection with the difficulties 
of maintaining a respiratory current beneath the sand, 
e^. Corystes and Galatkea (see under Respiration, p. 213). 

Tlie great majority o£ bivalve molluscs are burrowing 
forma. The form of the shell is obviously of great 
importance in relation to this habit. Forms with com- 
pressed, wet^e-shaped valves usually burrow rapidly and 
deeply and have elongated siphons. Globular forms like 
the cockle burrow less rapidly and to a shallower depth, 
their shape rendering them less liable to be dislodged by 
wave action. Probably the most actively burrowing form 
of all is the razor-shell (Solen). The habits of an American 
species of razor-shell, i.e. Etuis directus, which is abundant 
all along the east coast of the United States, have been 
studied by Drew (1907). In burrowing, the foot is worked 
into the mud, the end swelled to a knob, and by its sudden 
withdrawal the shell is drawn to the position previously 
occupied by the anchored end of the foot. At the same time 
a stroi^ jet of water is expelled from the anterior end of 
the shell so that the mud is softened as the shell descends. 
Similar observations have been made on the native species 
Solen ensis by Elmhirst (1910), who likens the fleshy expansion 
of the foot to a mushroom anchor, and remarks on its suit- 
ability for giving a firm grip of the sand. 

Boring. — ^As a specialised form of burrowing we have 
the excavation of channeb in wood and rock, a mode of 
progression entailing perhaps more extreme modifications 
of form than any other on the shore. From the economic 
standpoint the damage done by vrood-boring organisms 
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between tide-marits to wooden piers and similar stnictuies 
is enormous, while the rock-boring forms play a considerable 
part in aiding coast erosion. We shall consider these boring 
forma under two headings, (a) rock-borit^ forms, (b) wood- 
boring forms. 

(a) Rock-boring Fonm. — ^The most important of these 
are the two bivalves : the Piddock (Pholas dactyUu) and the 
form known as Saxicava rtigosa. Considerable difference 
of opinion has existed in the past as to whether the boring 
was the result of chemical or of mechanical action or of a 
combination of the two. According to Caiman (1919)1 there 
can be no doubt that the boring of Pholas " is effected mainly, 
if not exclusively, by the rasping acdon of the shell, which 
is provided with rows of spines or teeth towards the front 
edge." The appearance of the teeth varies according to 
the nature of the material in which the animal is normally 
operating, being sharp and slender in specimens from chalk 
or peat and blunt and rounded in those from harder rocks. 
The varied of substances in which Pholas has been observed 
to bore is said to preclude chemical action (Caiman, loc. cit.). 
According to the same writer, the boring movements " con> 
sist chie% in a tmsting or rocking movement of the whole 
shell on the fulcrum formed by the sucker-like foot, the 
muscles from which are attached to the inner blades of the 
valves." The method employed by Saxicava in boring 
calcareous rocks is less apparent. Caiman con^ders that, 
in spite of the fact that so far no acid secretion has been 
demonstrated nor the presence of any special gjbnd, it is 
certain that the process of boring is at least partly chemical, 
since this mollusc occurs in limestone nx^ so hard and 
compact that mechanical action seems out of the question 
for 80 fragile a shell. Polychset worms of the genus Pofydora 
are found burrowing in calcareous rocks and shells on British 
shores and sometimes in shales and sandstone as well. 
Caiman considers that although there may be some abrauon 
of the rock by the bristles, chemical action must be regarded 
as indispensable. 

Oyster shells pitted by the boring sponge CHona eelata 
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are frequently picked up on the sea-shore. Here the action 
of the sponge seems almost certainly a sohrent one, but 
attention has been drawn to the feet that contractile tissue 
is particularly abundant in the Clionidfe and that the needle- 
like spicules would have considerable penetrative power. 

(ft) Waod-bormg Forms. — From the evolutional stand- 
point the habit of wood-boring in marine anim?^ is of 
c<Hnparatively recent acquisition, standing, as it does, in close 
relation to the work of man. Since, apart from ships, the 
majority of structures utilised by these forms occur between 
tide-marks, they form in consequence a particularly interesting 
section of our study. 

Here, ^ain, the form of most importance is a bivalve 
mollusc, the so-called Ship-worm (Ta-aio). Salinity appears 
to be of considerable importance in the distribution of this 
form, the requirements varying according to the species. 
For instance, reference has been made elsewhere to an 
unusual extension of the Ship-worm, Teredo diegetua, in 
San Francisco Bay, owing to seasons of droi^ht afFectii^ the 
amount of fresh water entering the Bay ; T. navaUs also 
appears to be intolerant of brackish water and the great 
outbreaks of this species in Holland in 1730-32, 1770, 1827, 
and 1858-59 are ascribed to reduced rainfall leading to 
unusually high salinity in the Zuyder Zee and coastal waters 
(Caiman, op. cit.). According to the same writer, however, 
certain tropical species are said to live in perfectly fresh 
water. Generally speaking, " ship-worms may attack 
timber at least as high as midway between tide-marks " 
(see Plate XH). We base our description of the mechanism 
of borir^ on that of Caiman. 

Boring ts performed by the two very much reduced 
valves situated at the apex of the long worm-like body. 
The front edge of these shells is deeply notched, and paralkl 
with the edges of this notch the outer surface of the shell 
is engraved with a series of fine ridges and grooves, the 
former of which, under the microscope, are seen to be rows 
of fine, sharp-pointed teeth, resembling those of a rasp or 
file. As the shell grows, new rows of teeth are continually 
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being added along the edgea of the notch. The attachment 
and consequently the movement of the valves is very different 
from that of the ordinary Lamellibranch shells. The hinge 
ligament is either absent or vestigial and the hinge itself is 
represented by a pronunent knob on each valve which works 
against its fellow. At the ventral edge of each shell is another 
knob which forms a second point of contact between the 
valves. Next, the two adductor muscles, instead of con- 
tracting simultaneously, do so alternately, drawing together 
now the hoot and now the hinder edges of the valves. In 
this way a see-saw like movement of the valves is produced 
about the pivot formed by the dorsal and ventral knobs, 
which causes the tiny teeth to rasp against the wood. In 
addition, it is probable that the action of other muscles, 
attached to a narrow curved process projecting from a 
point close to the dorsal knob, gives rise to a twisting move- 
ment of the whole shell which aids progress. Purchase is 
obtained by the adhesion of the sucker-like foot which 
projects between the notches in the valves. 

A related form, Xylophaga, is recorded by Thompson 
as destroying, in company with other forms, the submerged 
woodwork in the harbour of Ardrossan on the Firth of 
Clyde (see PUte XII). 

Certain Isopod and Amphipod Crustaceans are also 
found excavating galleries in wood, the process here beii^ 
simply one of gnawing. Of these the most important on 
British coasts is the " Gribhle," Lmnoria lignorum, an Isopod, 
which may occur near high-dde mark but is said to be most 
abundant between low-water and half-tide mai^. The 
burrows formed by this species are about ^th of an inch 
wide and of uniform diameter throughout. They run 
obliquely through the wood and, in consequence, diough 
from i\ to 2 inches long, the averse depth is usually not 
more than about half an inch (Cahnan, op. cit.). 

Associated with Lmmoria there frequently occurs the 
Amphipod Chehra terebrans. Owing to the somewhat 
laiger size of this species the burrows made by it are a litde 
wider than those of Limnoria, reaching ^th of an inch in 
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A form related to the ship-worm. 
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diameter. Further data with regard to these boring forms 
can be obtained in the valuable paper by Caiman so frequently 
referred to above. 

Imnjiing. — Progress by means of leaps is best seen in the 
Bub-aquatic (and terrestrial) forms or forms such as certain 
Amphipodfl (e^. TaUtrui, Orckestia, etc.) and the shore- 
frequenting Collembola. The former include the common 
" beach-fleaa" or " sand-hoppers " in ^lich the driving power 
for the spring is obtained by flexing the posterior portion of 
the abdomen and driving it swiftly backwards, the necessary 
purchase on the substratum being obtained by means of 
the last three pairs of thoracic limbs. In this way the animal 
can jump to a distance of several feet. 

In the Collembola a special jumping organ is usually 
present in the shape of a long style or spring, conmting of an 
elongated basal portion and two small append^es, situated 
on the under side of the abdomen close to the posterior end. 
This appendage is carried flexed beneath the abdomen where 
in some genera it is retained in position by means of a 
" catch " projecting from the under sur&ce of the third 
abdominal segment. The spring is considered to be 
elastic, so that when the catch is removed the spring sweeps 
backward with considerable force, and striking the groimd 
jerks the animal forward. 

In dealing with the Collembola (Poduridae) of Cold 
Spring Beach, Davenport (1903) shows that ^e variety 
of movements in these forms is considerable. The Podurids 
of the beach live between tide-markst burrow in the sand 
at high ride and rise to the sur&ce when the tide n out. 
They run up surfaces in the face of the wind and leap when 
they reach the top, beii^ blown back to the starting point. 
In addition to the normal movements of running and 
springing, Davenport distinguishes such special locomotor 
movements as whirling, descent and ascent in sand, running 
up stones, and leaping into the air. A similar variety marks 
the movements of most shore forms, and is no doubt accoimted 
for by the varied nature of the habitat. In the majority of 
cases a particular shore animal, though predominantly a 
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swunming, a burrowing, or a jumping fonn, as the case may 
be, is not by any means restricted to a sole method of locomo- 
tion. 

In addition to ploughii^ its way through the sand, 
the cocUe makes use of its powerful foot to execute a kind 
of jump. This method of progress b brought about by 
bending the foot under the ^ell and suddenly straightenii^ 
it, when the animal makes a clumsy kind of leap and rolls 
over and over. A similar form of progress is seen in the 
tropical Stromb shells and their relatives the Scorpion 
shells, RosteUaria, etc. (Woodward, 1913)- 

Looomotion inTolvii^ Vm <A ttie Sniface FUm. — Shore 
animals with their matked resourcefulness have not n^lected 
to make use of the elastic properties of the " surface film," 
Locomotion, with inverted body, on the under side of the 
surface film is particularly prevalent among Gasteropoda 
{e,g. Rissoa, and many Nudibranchs), and is made possible 
by the flattened foot with its mucous secretion, the iisually 
luge amount of surface in relation to mass, and li^t weight. 
As previously mentioned, it also occurs in Planarian worms 
such as Leptoplana. 

According to Colgan (1909), "Nudibranchs can float 
with the ventral siuface uppermost and in confinement 
many of them show a great love of this position. ... As 
far as is known, they are obliged to make their first excursion 
to the surface with the aid of a piece of seaweed or other 
material support and possess no power of levitation of their 
own. On reaching the surface they secrete from the foot a 
layer of mucxis and remain in an inverted position with the 
dorsal region downwards and the foot and mucus-layer 
upwards. By bringing the margins of the foot together they 
can drop from this position at will and frequently remain 
suspended some inches below the surface by a ^read of 
mucus connected with the superficial layer." The same 
writer says that reascent of the thread is probably made in 
the way described t^ Taylor for the arboreal form Lmax 
arborum (1894-1914), that is to say, " by bringing the extremi- 
ties of the body together and traiMferring the point of 
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attachment of the suspensory ligament from the tul to the 
head." The following littoral forms have been observed by 
Colgan to have this habit of suspending themselves by means 
of slime threads : Runcma hancocki, Limapontia mgra, 
Doto coronata, ^oUs farrani, Motis dnimmondi, Skenea 
planorbis, Rissoa striata, R. parva, R. cingiUus, Modtohria 
Jiscon. 

Having now dealt with the actual mechanism of loa>mo- 
tion in a number of typical cases, we may turn to a coiuidera- 
tion of the movements of shore animals in the wide sense. 
As examples of such movements we have the migrations of 
varying extent and distinctness in relation to seasonal 
chaises, and in connection with reproduction. To these 
we may also add the vertical movements of many forms in 
relation to the tides. Finally, there remains for considera- 
tion the question as to what extent, if any, there is developed 
in shore animals a topographical or *' homii^ " sense. 

The WgntlooB ot Shore Animate.— Owing to the slow- 
ness of locomotion in most shore species, such migrations 
are not likely to be of great extent, and as, so ^, hardly 
any one appears to have observed the distribution of the 
members of a particular shore association over an extended 
period, the data relating to such movements are very scanty. 
Sorby (1901}, however, has published some interesting 
observations on the chaises which have taken place, over 
an extended period, in the distribution of the &una of the 
Essex coast (see Clmp. III). He remarks on the extraordi- 
narily local distribution of some animals, and thinks the exact 
whereabouts of a particular form may shift from year to 
year owing to a partial migration. Closer observation, 
however, is required to determine whether these local 
changes are due to migration or to the disappearance of the 
original forms as a result of adverae circumstances and the 
reinfiltration of a new generation in a more suitable spot. 
A considerable amount of knowledge, however, has been 
obtained regarding the seasonal movements of such forms 
as crabs, prawns, and lobstera, because in addition to their 
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economic importance the fact that they are very active 
forms leads them further afield and renders their migrations 
more likely to be remarked. 

Scientific investigation has now confirmed the fact, 
loi^ known to fishermen, that the adult crab undertakes 
definite migrations of considerable extent. In September 
both hard and soft crabs begin to move outward from the 
tidal area to deeper water, travelling to a depth which varies 
with the locally, but is generally between twenty and thirty 
fnsftorv Miariiton 




Offihorv niorjitton 
Via. 13 > — Migration of edible cnb (after Pearaoa). 
fathoms. The crabs remain in the oflfehore waters from 
December to Febriiary, and it is here that the females 
spawn (Pearson, 1908). The return migration begins in 
February and by May the majority of the crabs are prc^bty 
close to the shore again. In the warm inshore waters the 
larvae are hatched, and in the following autumn the cycle 
recommences. The above diagram, which we reproduce 
from Pearson, summarises the main facts of the cycle. 

Williamscm (1900) considers the reasons for the migration 
to lie in (i) the influence of temperature, and (2) the necessity 
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for food. The shallow inshore waters are, of course, 
warmest in the summer months, and it is here that the eggs 
batch and the larvs develop. On the other hand, in winter 
the deeper layers of the o^hore waters are distinctly warmer 
than the shdlow waters inshore, and it is possible that it 
is on this account that they are sought in winter for the 
act of spawning. This cannot, however, be the complete 
explanation for, as Williamson points out, by the time the 
outward migration b^ins the inshore waters are still the 
warmest. Neither Williamson nor Peaison seems to have 
considered whether a possible explanation might not be 
the need for seekii^; more tranquil waters when the autumn 
storms come on. 

Similar movements are undertaken by lobsters and 
prawns, and in the same way the fish of rock pools frequent 
deeper water in winter. 

Of great interest are the breeding migrations of Crustacea 
which are in course of becoming terrestrial. Crabs of 
the genus Geocardma, as stated in Chap. XH, live in 
sheltered situations several miles from the sea, and make 
thdr way in sprii^ in herds to the sea-shore in order to breed. 

Eliot (1910) remaiks that both adult and young Nudi- 
branchs appear and disappear suddenly in considerable 
numbers, particularly before spawning and after hatching. 
Notwithstanding that Alder and Hancock were induced to 
disbelieve in these migrations, Eliot considers there is a 
good deal of evidence for their occurrence. The method 
by which the migration is effected is not known, but as 
creeping is an extremely slow process, it is suggested that 
the animals make use of currents, in which they suspend 
themselves by means of slime threads. 

TntfMl MOTNDODti d Bnirowing Focma in BeUtion to 
the lUes. — ^A consideration of the rhythmical movements of 
shore animals in relation to the tides is deferred till Chap. XI. 
It is not out of place here, however, to call attention to 
the vertical movements which are regularly performed by 
burrowing worms and molluscs, as the tide ebbs and flows. 

When the water has left the sand, worms and bivalves 
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mthdraw to the very lowest points of thdr burrows. Tubi- 
colous Polychxts are similarly retracted within their tubes. 
The only evidence of the life below is afforded by worm- 
casts or by small holes and depressions in the sand. Very 
different is the appearance of the same stretch of shore 
when covered with water. The burrowing wonns are now 
swimming or moving about freely. Tube-dwelling forms 
have climbed up inside their tub^ and protruded a crown 
of tentacles which are waving in the water. A similar 
vertical ascent has been made by bivalves, the siphons of 
which now project above the surface of the sand. 

Williamson (1907) has noticed that when the water 
was let out of a box to the sides of which a number of 
small mussels were attached, the animals slackened their 
byssi in order to keep themselves in the water. When, 
however, having reached the end of their tether, the water 
was stiU receding, they hauled themselves up ti^t against 
the wall of the box again. This power of adjustment, 
, though slight, might just make the difference between 
annihilation and safety, and seems to be adaptive. 

BomiiiS.— The fact that the limpet, with the edge of 
its shell, forma an impression or " scar " on a rock on niiich 
it has been living (if this is not too hard) loi^ ago drew 
attention to the movements of this animal. The outline 
(tf the flcar exacdy corresponds to that of the shell-margin 
(by the mechanical action of ^diicfa it is formed), so that if 
a Umpet moves it must not oidy return to the identical spot 
or " home," but must orient itself exactly as before. It has 
now been definitively established that when once a limpet 
has taken up a fixed position on a rock, it only leaves it to 
make journeys for food and always returns to the same 
spot, though there seems to be a certain amoimt of difference 
(rf opinion as to when the movements are effected. 

Accordii^ to Ainsworth Davis (1895), the " homing " 
instinct of the limpet is well developed, and in this writer's 
belief the " locality sense " is independent of smell, ught, 
and touch, at least as far as the head tentacles are concerned. 
The greatest distance from which a lin^t has been known 
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to return to its " home " is 3 feet. Davis and Fleure 
(1903)1 ill discus^g the formation of the scar, state their 
beli^ that It results from the mechanical action of the foot 
surbce, and of the bevelled edge of the shell. During life 
the anima] constantly leaves and returns to its home, and 
consequently the foot, in spite of its softness, is responsible 
for an appredabte amount of wear, especially as fixation is 
usually preceded by a certain amount of " shuffling or twist- 
ing round on the scar." The deeper mai^ of the scar 
dearly indicates shell action. 

According to Russell (1907) " the seat of the limpet's 
marvellous sense of direction is quite unknown, and the 
accuraiy with which it returns to a definite spot is very 
astonishing." From careful experiments with marked 
limpets this writer concludes : " (i) that every limpet of 
15 nun. and upwards occupies, for long perio<^ at a time, 
a definitdy fixed pontton, to which it returns after any 
wanderings that it may make for food; (2) that linq>ets 
under 15 mm. if not yet settled in a definite position, at 
least never wander &r away, and so generally keep to the 
same stone ; (3) that limpets wander chiefly when covered 
by the tide." Results of a similar character have been 
obtained by other writers for other species of Gasteropod. 
Piiron (1909), for instance, considers there is evidence of 
" homing " in Cafyptreea, but it is less precise than in PateBa. 
Willcoz (1905) speaks of the " homing " of Siphonaria 
eUtentata and FissureUa barbadensis, limpets which occur on 
the calcareous rocks between tide-marira at Bermuda. The 
former did not " home " if removed more than tax inches, 
but generally returned if moved a couple of inches away, 
doing best in quiet shallow tide pools. If headed away 
from the scar Siphonaria turns of its own accord. One 
spedmen formed a new home and made a green spot in 
three days. The range for FistureUa is about two inches, but 
otherwise its behaviour is very much like that of S^honaria. 
The animals appear to recognise their own scars. 

Before havii^ recourse to explanations involving higher 
mental activities it is well to consider the part played by 
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the environmeDt. Thus, Bohn (1909) finds that " homing " 
is not always certain. The moTements of the animal seem 
to be influenced by gravity. There are lines of least resist- 
ance on the rock which are followed very much as one might 
follow them in a forest. It is not necessary to invoke a 
muscular or visual memory. 

BetmpMb — One of the most obvious features of the 
shore founa is the frequency of the sedentary habit, almost 
certainly related to wave action. Among freely moving 
types the methods of locomotion are, however, extremely 
varied, this, in turn, being due to the varied nature of the 
substratum. Owing to the relatively much greater densi^ 
of water as compared with air the degree of structural adapta- 
tion required for an aquatic animal to lift itself from the 
ground is much less than is required in the case, say, of a 
bird. 

The chief methods of locomotion may be described as 
follows : clambetii^, gliding, swimming, jumping, hanging 
from the surface fUm. Locomotion in the stariSsh is of 
particular interest since it represents a high^ specialised 
method of progress in relation to broken rock>surfaces. 
Burrowing is extremely common, and enables a shore animal 
to elude enemies and to escape desiccation at low tide. Every 
stage of the burrowing habit may be observed, from tem- 
porary re&ge beneath a shallow layer of sand, as in shrimps 
and prawns, to the boring of wood and rock involving a 
very high degree of specialisation. 

Migrations are usually of small extent and have been 
insufiiciently observed. There is evidence of a " homing 
sense " in Uie common limpet and its relatives. 
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CHAPTER IX 

The Nutrition and Methods of Febdino of Shore 
Organisms 

the ndtrrnon op marine organisms in general 

In approachii^ the probleins presented by the nutrition 
of marine organisms it is natural that we should call to mind 
vriuA we know about the corresponding problems on land. 
We are aware, for example, that all terrestrial animak, 
whether directly herbivorous or not, depend for their 
nourishment upon plants which, in turn, eldwrate their 
food from the carbon dioxide of the atmo^here and from 
certain simple inoi^puuc compounds (the " ultimate food- 
stu& ") present in solution in the soil, utUising in this 
process dte energy obtained from the sunlight. For a 
constant supply of the most essential of these materials in 
the requisite form plants, again, are dependent upon certain 
micro-organisms : bacteria, moulds, and yeasts, by vriiose 
agency the elements composing the bodies of dead plants 
and animals do not pass out of circulation, but are again 
made available for life. 

So far as our present knowledge extends it would seem 
that the food-cycle in the sea is of substantially the same 
character as that we have outlined above. Nevertheless, 
marine metabolism exhibits not a few special features of its 
own, and theories are not lacking (see those of PUtter below) 
which, if proved correct, woiUd very materially disturb 
any preconceptions that our knowledge of land conditions 
may have led us to form. 

It is usual to divide the food-stuiis present in the sea 
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into (i) those which are contained in the tissues of living 
animals and plants ; and (2) mineral salts, organic acids, 
and other rdiatively simple compounds which occur in 
solution in the sea-water. The first class of food is utilised 
by animals and the second class by plants. This is a 
statement which, though essentially accurate, requires a 
certain amount of qualification. We must make allowance 
for saprophytic and even saprozoic modes of nutrition. 
Saprophytes are, of course, plants which derive their food 
not from the simple substances just mentioned, but by 
fermenting organic materials, such as sugars, occurring in 
the soil or in the bodies of other plants. Familiar terrestrial 
saprophytes are the moulds, yeasts, and fui^. These 
occur in the sea as well, but not so abundantly as on land 
(Johnstone, 1908). The term saprozoic is applied to a 
similar method of nutrition when practised by animals ; 
as in the case of certain protozoa or — an example of a 
different nature — of forms such as Cottvoluta which appa- 
rently utilise the products manufactured by the activity of 
plant cells living symbiotically in their tissues (see p. 150). 
These exceptions, however, do not really weaken the 
distinction which it is customary to make between plants 
as the producers and animals as the consumen. Quite 
different would be the case if the theory put forward by 
Piitter were proved to be sound, viz. that marine animals 
obtain much of their food in the form of organic compounds 
in solution in the water. Further attention will be given 
to this important question later on. 

The MutritloD <il Haiine Flantl.— Plants in the sea 
belong to one or other of two great classes : they may be 
dther fixed or Boating. The fixed plants are confined to a 
relatively narrow belt fringing a land mas8,whereas the floating 
plants are universally distributed and, consequently, in the 
economy of the sea in general, of far greater importance than 
the seaweeds proper. In the case of the tidal area the im- 
portance of the two classes of plants is approximately equal. 

All marine plants, however, whether fixed or floating, 
obtain their nourishment in precisely the same way, viz. by 
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absorbing over thdr whole surface the minenil salts, organic 
adds, etc., from the water with which they are bathed. 
The so-called " roots " of the fixed seaweeds are merely 
hold-&8ts, and apart from this function have nothii^ in 
common with the roots of land-plants. 

Tlie foodstufiiB utilised by marine plants are substantially 
the same as those which subserve the nutrition of plant-life 
on land. FoUowii^ Johnstone (op. at.), we may enumerate 
them as follows : — 
^V > I (') Nitrogen compounds, in the form of nitrates, nitrites, 
y> ammonia, and possibly amines. The amount of these is 
exceedingly small and their precise estimation a matter of 

' great difficulty. 

I (2) Carbonic acid, present in the atmosphere as COg 
and in umple solution in the sea-water or in solution as 
bicarbonates of calcium and other bases. Carbon dioxide 
results from animal respiration, and is an end-product of 
the decomposition of organic matter whether brought 
about by putrefactive or fermentative organisms. Plants, 
on the other hand, utilise the COj for the elaboration of 
starch. The amount of COj in solution or, in other words, 
the degree of alkalinity or acidity of the sea-water, varies 
with the relative activities of vegetable and animal organisms 
and serves, in fact, as an index to these activities. As illus- 
tratii^ this reciprocal acdvity of plant and animal with r^ard 
to COj, we may mention the fact brought out by Benjamin 
Moore (1913-14), namely that " almost all the CO3 provided 
by a lobster can be reconverted into O by the v^etation 
which forms upon its own carapace." If marine animals 
are to remain in health, the water must have a slightly add 
reaction ; too great a variation in the direction of alkalinity 
or addity is likely to prove fatal. 

(3) Photpboric acid, in the form of soluble phosphates of 
caldum. 

I (4) Silica, which may exist in solution in the sea, either 
as colloidal silidc add or as partides of day (aluminium 
silicate) in suspension. In spite of the rdatively minute 
quantities in i^ch it occurs, dlica is of great importance in 
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the sea, since it composes the skeletons of large numbers 
of both marine plants and wnimals such as diatoms, Radio- 
larians, Sponges, and others. Diatoms, in particular, 
contain a very lai^ proportion of silica and, in fact, the 
frequent presence of tins largely indigestible substance 
would seem to have had important consequences, witness the 
various means which are found for dealing with it. In 
calling siUca largely indigestible, we are not unaware of the 
part this substance plays in animal metabolism. We know, 
for instance, that it is generally distributed, albeit in minute 
quantities, throughout hiunan tissues and is also of regular 
occurrence in the uriite. The fact nevertheless renuuns 
that silica occurs in marine diatoms in far greater quantities 
than can ever be utilised by animals. Moreover, it seems 
almost certain that marine animals obtain their supplies of 
silica in the same way as do the plants, viz. by absorption 
direct from solution in the sea-water. So small is the 
proportion of silicic add or silicate present in the sea that 
there is considerable difiiculty in conceiving of the manner 
in wiiich oi^anisms, such as diatoms, are able to ^Iract 
sufficient for the manu&cture of their skeletons, a task 
which would seem to require the expenditure of an almost 
impossible amoimt of energy. This difficulty, Johnstone 
suggests, has its orig^ in the natural tendency to regard the 
metabolic processes of the lower invertebrates, of which 
we know little, as more or less resembling those of mammals 
about which we know so much more. An organism sudi 
as a diatom or protist absorbs food over the whole of its 
surface and not through an alimentary canal. Further, the 
amaller the organism the greater the proportion of surface- 
area to volume, and consequently the larger the amount of 
dissolved substances it is able to absorb. 

(5) Calcium occurs in solution chi^y as calcium bicar- 
bonate and also as calcium sulphate. Lime plays an even 
more considerable part than ulica in the sea, since it is 
required for bone-formation in fishes and for the formation 
of shells, tubes, and skeletons in a very great many inverte- 
brates. Unlike silica, however, lime is present in the sea 
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in considerable amount. Other mineral salts utilised by 
marine plaDts.Buch as the chlorides, sulphates,etc.,of sodium, 
potassium, magnesium, and iron, are present in ample 
proportions. 

(6) Oicfgen is necessary for the respiration of both plants 
.' and animals. It is dissolved from the air and is given off 
as a result of the photo-synthesis of plants. Oxygen occurs 
in solution in varying quantities up to saturation, the latter 
point being rarely reached except, perhaps, in the tidal area, 
which is the most highly oxygenated area in the whole 
sea. 

Since all of these substances : nitrogen compounds, 
carbon dioxide, phosphoric adds, silica, and various mineral 
salts, are essential to the life of plants, it follows that the 
absence of any one of them mil be sufficient to put an end 
to growth entirely. Similarly, if one of the essential con- 
stituents is present in minimal quantity growth will also be 
minimal. Thus, " the growth of a plant is dependent upon 
the amount of the foodstuff which is presented to it in 
minimal quantity." This is Liebig's Law of the Minimum, 
the application of which is of fundamental importance in 
the sea, since on it, though indirectly, the quantity of animal 
life also depends. 

Natritton o( Marina *ll^lw^^lf, — ^None of the substances 
which we have enumerated, however, are capable of serving 
as food for marine animals. These, like land animals, can 
utilise (if we are not to credit the theories of Piitter) only 
substances such as protdns, carbohydrates, and fats, which 
have been built up within the bodies of other organisms. 
Both in the sea and on land, therefore, the plants are the 
indispensable links between the ultimate foodstuff and the 
living animal. 

The immediate diet of a marine animal may consist 
solely of flesh or of plants, or it may be composed of a mixture 
of both. la actual fact the number of omnivorous marine 
animals probably greatly exceeds that of terrestrial animals 
mth the same feeding habits. The most characteristic 
way in which marine animals obtain their food is by straining 
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off quantities of the myriad diatoms, protophyta, protozoa, 
and tiny multicellular animals in which the upper waters 
of the sea abound, a method which obviously precludes 
the possibility of any discrimination between the plant and 
animal constituents. Since the waters are in constant 
motion there is no strict necessity to pursue such food, but 
an animal may obtain a sufficient supply, even while remain- 
ing fixed, by causing a current to flow into its mouth (»- body 
with the aid of cilia. This method of " current-feeding " 
is employed by a great number of marine invertebrates from 
sponges to sea-squirts. It can, of course, only be practised 
in water, there is no equivalent for it on land. 

The food which is at the disposal of marine animals 
is on the whole of a more indigestible nature than that 
with which land animals have to d^. The floating plants — 
diatoms — which form a large proportion of the plankton 
have skeletons of silica, and the same substance occurs in a 
number of marine nninmt^ also. Chitin, which forms the 
exo-skeleton of Arthropods, is a substance second to none 
in toughness. lime is of particularly frequent occurrence, 
dther in the form of spicules (sponges, alcyonarian corak, 
etc.), or of an external covering (shells and tubes). These 
substances, not being internal like the vertebrate skeleton, 
require to be first got rid of if many marine animals are to 
get a meal — one of the advantages, or disadvantages, accord- 
ing to the point of view, of an exo-skeleton ! In consequence 
we are able to study among marine animals many interesting 
arrangements for the preliminary treatment and mastication 
of food, such as the vomerine and pharyngeal teeth of 
fishes, the tentacles and homy beaks of cuttle-fishes, the 
radube of cuttie-fishes and Gaateropods, the pincers and 
gastric mill of the higher crustaceans, the chitinous jaws 
of Nereid worms, the protrusible stomach of starfishes, the 
teeth and " lantern " of the sea-urchin, and so on. 

It is interesting to notice that the amotmt of food required 
by marine animals for actual " maintenance " is very low. 
Most of the food consumed b utilised for growth and for 
reproductive purposes, only a small fraction being used 
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for metabolic needs arising from other activities than these 
two. The snuill amount of muscular metabolism in marine 
creatures as compared, say, with terrestrial vertebrates, is 
thougjit to have two causes : firsdy, there is litde or nothing 
required for maintenance of temperature ; and, secondly, 
marine animals are balanced or counterpoised in water so 
that locomotion entails relatively very litde exertion (Moore, 
Edie and Whitley, 1914). 

Potter's Theocieai on th« NntritloD ol Hatlne Otg&nisnis. 
—We have emphasised the strong contrast between the 
typical modes of nutrition of plants and animals and have 
stated that, apart from one or two minor considerations, 
marine animals feed solely upon the bodies of other animals 
or plants. A German worker, however, Piitter (1907-8), 
has developed a theory which is in strong contradiction to 
this traditional view. The arguments which Putter employs 
are so cogent and have aroused such interest that, even though 
his theory may not have been generally accepted, we must 
give them a certain amount of consideration. Before 
doing so, we must in fiiimess point out that an Italian worker, 
Canozi (1896), bad already, several years before the 
first publication of Putter's views, come to the conclusion 
that oysters absorb nutritive material in solution from the 
water and feed only in a secondary way on plankton organisms. 
While, therefore, it is customary to speak of " Putter's 
theory," the credit for first si^esting the occurrence of a 
s^rozoic mode of nutrition among marine invertebrate 
animals would seem to belong to Carazzi (1920). 

The theories of Ptitter have their basis in the difficulty 
of demonstrating satis&ctorily the food of many of the larger 
invertebrates. Johnstone {op. cit.) refers to tiie trouble he 
has experienced in convindng a class of " sceptical fi^er- 
men " of the presence of food in the alimentary canal of the 
cockle, and remarks on the absence of food in the gut of 
mature plaice during the period of the maturation of the 
gonads. Others have encoimtered a similar difficult when 
investigating the food of such animals as Pycnogonjds, 
Gephyreans, and other forms. The reason for this difficulty, 
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according to Piitter, is simply that these animals are not 
dependent for their food upon the tngestioa of planktooic 
organisms, since the quantity of these is much too small to 
be able to satisfy the requirements of the population of larger 
marine animals. To give a concrete example, Piitter 
estimated that the sponge Suberitet domuncula, on the basis 
of its carbon requiremente, would need to capture eyery 
hour the whole of the plankton contained in 242 litres of 
sea-water, that is to say, in an amount of water equivalent 
to about 4000 times its own bulk. But such a feat is mani- 
festly impossible, since the amount of water actually passing 
through the osculum of the sponge would not exceed 
300 C.C. Hie question then arises as to the way in niiich 
these animals do nourish themselves and as to what other 
sources of food are at their disposal. According to Putter, 
another source of food is present in the numerous organic 
carbon and nitrogen compotmds occurring in solution in 
the sea- water, and the animals nourish themselves by absorb- 
ing these through their whole surface. These substances 
are formed as the result of plant-metabolism and are given 
up to the sea-water, possibly after undergoing considerable 
changes by the agency of ^e numerous bacteria adhering 
to the alga. Organs such as the gills of molluscs, the 
branchial sacs of Ascidians, the cirri of Folychaets, which are 
of such frequent occurrence, would not merely be of use for 
respiration, but would serve the purpose of absorbing 
dissolved foodstuff as well. Similarly, the primary function 
of an alimentary canal, which is present in all but the very 
lowest invertebrates, is not the one which we usually attribute 
to it, but rather that of providing an increased amount of 
sur&ce through which the absorption of liquid material 
may proceed. The process of taking in and digesting solid 
food, to which we are so accustoi^ in higher animals, 
has only been secondarily acquired by the gut. 

The method of feeding of a number of marine animals 
would thus on Putter's view be essentially saprozoic, and 
should his theories prove correct, our sharp distinction 
between the feeding methods of marine plants and animals 
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is no l<mger valid. As already hinted, however, Putter's 
views are not generally accepted by authorities in this country. 
Hie opinion of Benjamin Moore and others (1912) is that 
neither the dissolved organic matter nor the average amount 
of suspended plankton is sufBcient to account for the 
nutrition of the larger of the marine forms. The large 
animals either distribute themselves along pathways, 
and in situations, where the supply of food is above the 
average, or follow up actively richer growths of minute 
organisms. Or, again, they may capture animals of greater 
size than those of the minute plankton, which animals, in 
turn, feed upon microscopic plankton, or upon v^etation 
occurring along the sea-shore or upon the sea-bottom. 

Bacteria in the Sea. — When plants and animals die the 
substances which compose their bodies do not pass out of 
circulation, but by a series of changes (putrefaction, fermenta- 
tion, etc.) are split up into their ultimate constituents and 
again made available for life. This work is effected by the 
agency of certain micro-organisms : bacteria, yeasts, and 
moulds, the inqwrtance of which in the economy of nature 
is fundamental. We are on ^miliar enough ground here, 
but it is important to remember that, until quite recently, 
our knowledge of these oi^anlsms in the sea was very scanty. 
Thus, even in 190S, all that could be said of fermentative 
bacteria in the sea was that they "doubtless exist . . . though 
we have little knowledge of their distribution " (Johnstone, 
op. cit.). Fischer, in 1894, was the first to carry out a reaUy 
extensive investigation of marine bacteria. Keutner and 
Keding first signalled the occurrence of nitrogen-fixing 
bacteria [Clostridium and Asotobacter) in the sea in 1895-6 
and the discovery of marine denitrifying bacteria was made 
almost simultaneously by both Baur and Gran in 1898. 
Thanks to these and similar researches, it is now definitely 
known that there occur in the sea putrefactive and fermen- 
tative organisms of the same nature as those previously known 
elsewhere. In addition, there are also present in the sea : 
mtrogen-fixiitg bacteria capable of utilising atmospheric 
nitrogen for the formation of proteids ; denitrifying bacteria 
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which are able to liberate nitrogen from its oxygai com- 
pounds : in other words, to reverse the action of the nitrogen- 
fixing bacteria; and mtrifymg bacteria, through whose 
agency the nitrogen of the ammonia resulting from putre- 
factive decomposition is " mineralised," i>. oxidised and 
combined with a base to form a nitric salt, and so rendered 
available for marine plants. 



THE NUTRITION OF SHORE ORGANISMS IN PARTICULAR 

From the point of view of food-production the diallow 
waters of the littoral are the most iinportant in the whole 
sea. As a result of drainage from the adjoining land the 
quantity of ultimate food constituents, particular^ the 
essential nitrogen compounds, is relatively much greater 
than in the open sea. This, of course, means an increased 
amount d plant-life (both fixed and floati]^), which leads 
in turn to a greater wealth of animal forma. One of the 
fundamental reasons for the greater denuty of life in shallow 
marine waters lies undoubtedly in the constant supply of 
I raw food materiak washed down from the land. Shore 
! organisms get " first call " on this supply ; what is not 
utilised by them is gradually dispersed by wind and tide 
and serves to nourish life in 'Ax more open waters. 

The quantity of plankton in coastal waters has been said 
to be thirty times as great as that in the open sea. These 
waters, in fact, are the nursery where the development of 
plankton, especially plant plankton, begins and whence it 
spreads out gradually into the open sea (Allen, 1917). Over 
and above this, they supply a quantity of fixed vegetation, 
in the shape of the larger seaweeds, the development of 
which is made possible by the presence of a substratum and 
of adequate illumination. In the actual tidal zone the 
advantages of this double food-supply are partly discounted 
by the fact that feeding, except in permanent pools, is 
necessarily intermittent. Perhaps the most eloquent com- 
ment on this is the haste with which operations are resumed 
when the water returns : barnacles and mussels beginnii^ 
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to feed within a minute after they are covered by the 
tide. 

Contrary to what one would expect, the fixed algse are 
directfy utilised as food only to a relatively small extent. It 
is true that a certain number of shore creatures (several 
molluscs, sea-urchin) browse upon seaweeds — ^witness, for 
instance, the feeding tracks of the small limpet Heldon 
peBucitban on the stems and fronds of Lamiaana — but a 
great proportion of the fixed plants of the sea-shore are 
allowed to live out their lives with only a comparatively 
trivial, amount of interference from animals. VHien esti- 
mating the importance of the fixed plants of the littoral 
aa a soiu-ce of food, allowance must be made, however, for 
the quantities of ot^anic debris they provide for the use of 
numerous creatures such as worms {Aremcola, Cirraiubts, 
and numerous Oligochsts) and Crustacea (e.g. Coropktum 
and other Anqihipods) which burrow in the sandy mud 
of the sea-floor. Devoid of any means of attacking the 
living weed, these creatures will make good use of tt after 
its reduction to detritus. Looking at the matter from 
another standpmnt, we may say that these detritus feeders 
perform a valuable service as scavengers by preventing the 
over-accumulation of decaying matter in die sea-floor and 
by aiding the work of bacteria. 

The larger algse are also useful in intercepting floatii^ 
organisms. These, on comii^ into contact with the weed, 
remain adherent to the gununy surface of the fronds and 
are then readily scraped off by animals such as periwinkles. 

If the seaweeds are not consumed directly to any great 
extent, the plankton, on the other hand, is exploited in the 
intenaest possible way. The floor of the sea-shore has been 
likened to an immense sieve through which the microscopic 
contents of the water disappear. Barnacles sweep it dean 
the carpet of bivalves siphons food from the turbid waters, 
periwii^es search every square inch of the rock and scrape 
it clean, ccelenterates and polyzoa spread their tentacles 
and take toll of passers-by (see Fearse, I9i3). 

We now turn to a more systematic study of the feeding 
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habits of shore animals, selecdng one or two of the most 
characteristic and best studied examples from each of the 
chief phyla. 

Some Hethodf ol Feeding ol Sban Animate.— The 
majority of sea anemones expand their tentacles to seize 
and paralyse any swimming or creeping organisms that may 
wander within dieir grasp, and are not sufficiently strong to 
esci^. SDoali Crustacea are undoubtedly one of ^eir 
chi^ sources of food, and it is probable that many are 
deceived by the alga-like appearance of some anemones and 
alight upon their tentacles only to be conveyed to the mouth. 
The captured animal is passed on from the outer to the inner 
tentacles and finally placed within the mouth, which gapes 
ready to receive it. At times the outer tentacles of some 
species may sweep the ground, or one or more may become 
elongated. Many Gasteropoda are so protected by shell or 
by slime coat that they can push their way through the 
clutching tentacles ; in other cases a prolonged struggle 
may ensue before the prey is either finally ingested or 
succeeds in breaking away. Anemones are themselves 
attacked by sea-slugs {AeoUdUtta p<^iUosa and others), 
which rasp pieces out of the body wall (Fleure and Walton, 
1907). 

Among Echinoderms, starfish are well known to feed on 
mussels, oysters, and other bivalves. Several different 
explanations have been suggested of the manner in which 
the prey is overpowered and induced to open, such as the 
influence of a chemical secretion, waiting for the adductor 
muscles of the bivalve to relax, and so on. There seems no 
doubt, however, that the exercise of force by the tube-feet 
is the real cause of the victim's undoing. In order to over- 
power a bivalve the starfish needs to rise into a mound with 
the arms pressing closely together and tips closely investing 
the victim, which is manoeuvred into a verti<^ position 
between them. Tlie position adopted resembles very 
dosely that used when spawning, which is illustrated in 
Plate XI. Half the tube-feet are then attached to one 
valve and half to the other, and a pull in opposite directions 
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ia exerted which, though not immediately effective, will, 
if maintained for a period of some minutes, cause the shell 
to gape. Immediately this occurs, the starfish is able to 
uaat the protrusible margins of its stomach into the shell 
cavity and to dissolve out the contents. The efficacy of the 
method depends, of course, upon the fact that keeping the 
shell-valves closed implies an active or contracted state of 
the animal's muscles which cannot be prolonged indefinitely. 
Experimentally, it has been demonstrated that the tube- 
feet of a starfish mil maintain a pull on the shell equivalent 
to 1350 grams ; this strength, when applied for a period of 
about fifteen minutes, is amply sufficient to open a Venm 
(Schiemenz, 1895-7, ****! ^/- P- ' '°)' Starfishes are not 
entirely dependent upon bivalves for their living, but con- 
sume in addition a quantity of " lesser fry " wafted to 
them by the ciliary currents set up by the cells of the 
epidermis. 

Sea-urchins may browse on seaweeds or even eat rock* 
barnacles (Roaf, 1910). When a sea-urchin is feeding, the 
pedicellariie, spines, and tube-feet all participate in conveytag 
food to the mouth. In sand-dwelling species such as 
Eckawcardium and Spatangus the buccal tube-feet are said 
to be extended and to broaden out terminally in order to 
seize pardcles and pass them first to the spines of the lower 
lip and thence, with the assistance of the upper lip spines, 
to the mouth. There is no shovelling of sand into the 
mouth while the animal is ploughing through it (Homyold, 
1909). Sea-cucumbers feed by plui^ing their tentacles, 
which are sticky, into the sand, and transferrii^ the adherent 
particles to the mouth. 

Nemerteans, or ribbon-worms, are usually stated to be 
entirely carnivorous. In addition to capturing living 
animala of Small size With the aid of their proboscis, they 
probably do a good deal of scavenging and will almost 
certainly consume a quantity of decaying vegetable matter 
as well. The form Limus maritms has been observed, in 
the aquarium, to attack and devour the tube-worms SabeUa 
pavomna and Serpula (Curator's Kept. Port Erin, 1906). 
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Among segmented worms, the large and enormoualy 
abimdant lug-worm {Arenicola marina) of mud-flats and 
cockle-beds burrows to a depth of two feet, swallowing 
sand as it goes. Their number at Holy Island has been 
estimated at over 82,000 per acre, and the amount of earth 
brought to the surfoce in their castings every year, at 191 1 
tons per acre (Davison, 1891}. Probably the greater part of 
the contained organic matter is removed from this amount of 
sand in its passage through the gut of the worms and the 
sand is further purified by the action of water in the burrows. 
The worms thus play an important part in the removal of 
substances which, if allowed to accumulate and putrefy, 
would become noxious to life. 

The feedii^ habits of another common Polychaet may 
be selected for description in view of the interesting contrast 
they provide to those of the lug-worm. This worm, 
drratubu ieutacuiaius (Flattely, 1916), occurs buried in 
sandy mud beneath stones in shore pools and elsewhere, 
its presence being indicated by a group of delicate rosy 
filaments which usually display a certain amount of move- 
ment. Unlike the lug-worm, Caratulus does not live by 
passing sand through the gut for the sake of the contained 
organic matter, but selects the nutritive food particles, 
a^al spores, diatoms and general organic debris, outside 
the body. The selection is effected by a pair of muscular 
fl^ts, covered with sensory epithelium, which project down- 
wards from the dorsal surface of the peristomium and 
curtain off the entrance to the gut proper from an external 
vestibule. Feeding would seem to take place by a kind of 
suction ; the sensitive edges of the flaps admit only the 
smallest food particles and these are then wafted backwards 
by the cilia of the gut epithelium. 

Tube-worms are dependent for their food upon what is 
conveyed to them by currents set up by the cilia on the gill- 
filaments {Sabella, Pectinaria, Sabeliaria, Serpula, etc.). 
Nereids, on the other hand, have a protrusible pharynx 
studded with chitinous teeth and provided with a pair <^ 
powerftil terminal "jaws." They are extremely aggressive. 
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The method of feeding of higher Crustacea, as illustrated 
by crabs, lobsters, and allied forms, scarcely needs descrip- 
tion. It is interestii^ above all for the long sequence of 
acts it iavohres. Before the food enters the mouth it is 
manipulated by no fewer than seven different pairs of 
appendages, ranging from the long, grasping chelie to the 
stout crushing mandibles, a procedure which seems to 
imply a higher degree of nervous control and co-ordination 
than is required for any other method of feeding on the 
shore. The process of mastication begun by the mandibles 
is continued by the " gastric mill," a complicated kind of 
giraard, the presence of which, as we have already noticed, 
is testimony to the toug^ nature of a marine diet. In the 
general food-economy of the sea-shore the higher Crustacea 
are chiefly important through their actively scavenging 
habits. Th^ are typically cryptozoic forms, lurking under 
stones and in crevices by day,and coming out to feed when it 
is dark. In seeking food the majority of Crustacea seem 
to be guided more by their power of scent than of vision, 
prawns, shrimps, and the crab Stenorhyncha, which have 
been deprived of their eyes, having been observed to find 
pieces of food quite as readily as when \minjured. The 
perception of smell is in most cases obtained through the 
antennules, though shrimps with no antennules will hunt 
if a piece of worm is placed in their near neighbourhood 
(Bateson, 1889). 

The habits of concealment and the occurrence of protec- 
tive armoxu* do not prevent crustaceans from falling frequent 
victims to fish and cephalopod molluscs (squid, octopus). 
The octopus is one of their worst foes and its presence in 
large numbers has been known to have serious effects on 
the lobster-fishery in the English Channel (Caiman, 191 1). 
In addition to tiie employment of beak and suckers, the 
octopus is said to paralyse its victims (crabs and lobsters), 
by injecting beneath their carapace a poisonous substance 
secreted from the salivary glands. 

The methods of feeding practised by molluscs are parti- 
cularly varied and interesting. Perhaps the most highly 
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specialised of them is that practised by Gasteropoda, in fdiich 
the organ known as a " tadula " is employed, aided by the 
homy margins of the mouth. The radula is a long ribbon- 
like structure, beset with transverse rows of chitinous teeth, 
which works over the sur&ce of a muscular pad lying in 
the floor of the mouth (see Plate XIH). By means of 
muscles the radula may be drawn backwards and fonrards 
over the odontophore as over a puUcy and so made to 
rasp the surface of any food substance with which it may 
be brou^t into contact. New material is bong con- 
tinually added to the posterior end of the radula to 
take tiie place of that tost by wear and tear. Tlie 
same apparatus, v^ch is near^ always present, serves 
both for plant and flesh eating Gasteropoda. It di^lays, 
however, very considerable specific individuality as regards 
the size and arrangement of the teeth and other points, iriiich 
are evidently correlated with difiierences in the quality of 
the food. These adaptive modifications are weU illustrated 
by the sea-slugs, liie Doridse, which subsist chiefly on 
sponges, Bryozoa and compound Asddians, have no jaws, 
but a broad radula, and the whole apparatus is clearly suited 
to eatii^ a stationary object ^^ch does not need to be 
captured and offers no projections to be bitten off, but does 
require to be shredded before being digested. Other 
forms have jaws with edges that cut like shears ; Triioma 
feeds upon Uie spiculate Altyomum by cutting out portions 
with its homy jaws and triturating them with the radula, 
which is broad. In manf forms feeding is accomplished by 
rasping the surface of seaweeds and sucking up their juice, 
the function of the radula not being strictly masticatory. 
An exceptional mode of feeding is practised by MeUbe vUdth 
has no radula at all and only feeble jaws. In compensation, 
the mouth is surrounded by a large funnel with cirri which is 
swept over the sur&ce of stones to capture amall crustaceans. 
The margins of the funnel then contract and force the 
contents down the oesophagus into the stomach where the 
hard exo-skeletons are broken up by a rii^ of stomach- 
plates (Eliot, 1910). 
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Tlie ^elk (Bucdman), dog-whelt (Purpura), and forms 
Buch as Nassa and Natiea are camivoroue, feeding either on 
decaying animal nutter or on living " shell-fish," by sucldng 
out Uieir soft bodies through a hole bored in the shell. The 
dog-whelk undoubtedly feeds on rock-banucles nith ndiich 
it is invariably associated although, so far as we are aware, 
the manner of its feeding has not been investigated. The 
neat perforations often found in empty bivalve sheik are 
caused by camivotous Gasteropods and are usually ascribed 
to the action of the radula. There is, however, not a littie 
difficulty in understandii^ how the radula, which is essentially 
saw-like in its action and incapable of being rotated, could 
begin its task, or how the rough teeth could produce such a 
smooth margin to the perforation. According to Schiemenz 
(1891), the rough holes which Natiea produces in mussel 
sheUs are not drilled by the radula, the function of which is 
in this case merely of secondary importance. The hole is 
the woA of a " Saug-platte '* (suction disc), or glandular 
organ, situated on the under side of the proboscis, which 
secretes an add substance (H1SO4), capable of dissolving 
the shell. If a shell is examined before die work of perfora- 
tion is complete a small boss is often observed in the centre 
of a drcular depression. Not only does the concavity 
correspond in size with the " Saug-platte " (better called a 
boring gland), but in the centre of the latter there is a 
concavity corresponding exactiy to the boss or convexity 
left in the shell. After the boring process has been continued 
for some time, tiie floor oi the depression breaks through. 
The perforation is more or less kidney-shaped and has 
rough edges, which are evidence that the radula has now 
been brought into play. The woik of boring is finished with 
the aid of the radula, the inner aperture of the completed 
perforation being narrower than the outer and having a 
slightly less even edge. 

In bivalve molluscs we find typically developed tiie 
use of dliary currents. This method of feedii^ is accom- 
panied by an inactive life, the animal being frequentiy 
buried inland or mud as a means of escape from enemies and 
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from the effects of wave action. Communication with 
the Burface is maintained t^ means of siphons containing 
inhalent and exhalent passages, through which the dlia 
of the gills maintain a constant current of water. Recent 
research has shown that the chief function of the gills ia to 
act as a food-sieve, respiration being effected chiefly by the 
mantle. According to Orton (1912)1 evolution in Lamelli- 
branchs has mainly followed the lines of foldii^ and consoli- 
dating the giU-fihunents in order to ensure a more perfect 
method of feeding. 

Hie method of feeding of Ascidians is essentially 
similar to that employed by other sedentary forms. That 
is to say, it depends on causii^ a stream of water to circulate 
through the body. In this case the circulation is effected 
by the dlia on the margins of numerous perforations in the 
anterior part of the gut (the pharynx or branchial sac). 
The food particles, drawn in with the water current into 
the branchial sac, become enveloped in mucus secreted by a 
median ventral gAwve called the endostyle, and are trans- 
ported by means of a circular groove at the anterior end of 
the pharynx to a median dorsal " lamina." From here th^ 
are driven backwards by ciliary action into the digestive 
part of the gut. Herdman (1904) has estimated the number 
of gill openings in an adult Ascidia mentaia of medium size 
to be about 192,000, and.as there is a row of dlia on each aide 
of every slit, there are in all about 384,000 short rows of 
cilia lashing water through the pharynx of the animal. Tlie 
process of feeding is automatic, but there is evidence that 
selection of food can, to some extent at least, be exercised. 

Young fish, a number of which ft-equent tidal waters, 
feed in various ways. Some deliberately stalk certain selected 
food, others apparently eat the 6rst thing that comes along ; 
some feed at all times, others only by night ; some eat very 
little at one time, others as much as they can get. Some, 
like die Ballan Wrasse, are clumsy ; others, Uke the whiting, 
are very quick in their movements. Young lumpsu<^ers 
are very active and unfix their suckers instantly to chase 
and swallow anything attractive. Tlie rockling {Onus 
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tnuttela) eats almost anything, and the same applies to 
gobies. Blennies dart after food, especially Copepods, using 
their loi^ fins (Lebour, 1919). Flat-fish, young and adult, 
feed inshore on cockle-beds and estuarine flats in great 
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numbers during the summer months, and the food of the 
flounder often consists mainly of the little burrowing 
Crustacean Coropfdum, frequently present in enormous 
numbers, and also of other related spedes and of worms. 
The fish follow the risii^ tide on to the mud flats and retire 
to the channels or bury themselves in the sand when it falls 
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(Ashcroft, 1899, and others). The molluscs Teilma haUhica 
and Cardium edule, generally so abundant together on the 
cockle-beds, are both of very great importance in furnishing 
food for the &y of the commercial fiat-fish at a time vrfien 
these first become groimd-feeders and leave off eating 
Copepods (Herdman, 1893). The writers 'themselves have 
evidence that excessive commercial exploitation of shell- 
fish beds in estuaries tends to spoil the fishing in those 
areas, die fish no longer coming in as they once did. 

"Hie food relationships of shore animals are too complex 
to be satisfactorily exhibited in a diagram, but an attempt 
is made in the table on p. 197 to indicate some of the most 
typical food sequences. Three main sources of proximate 
foodstufis are shown : the plankton, fixed seaweeds, and 
general organic debris, any one of which may be the starting 
point of a series of upward transformations, A forming the 
food of B, B of C, and so on. The foundation on which the 
whole structure rests b, of course, the ultimate foodstuffii : 
the carbon dioxide of the atmosphere and the various salts 
enumeiated at the beginning of this chapter. 

BettoipML— Some of the most important conclusions to 
be drawn from this chapter may now be summarised as 
follows : — 

,' The littoral vraters constitute the richest food-producing 
■' area in the whole sea. This is due mainly to the constant 
addition, by drainage from the land, of various substances 
capable of serving directly as food for plants. Not only 
are the inshore waters a nursery for the plankton of the whole 
sea, but they support a bottom vegetation of large seaweeds 
such as cannot exist elsewhere owing to insufficient illumina- 
tion. The abundance of plant-life in this area is one of the 
chief reasons for its characteristic wealth and variety of 
animal forms, though, of course, other fectora are concerned 

' as well. In the tidal zone proper, the advantages of this 
double supply of fixed and floating plants are partly neutralised 
by the periodic withdrawal of the water. Nevertheless, 
feeding may still go on in fiivoured situations. The Amotion 



b, Google 



NUTRITION AND METHODS OF FEEDING 199 

of the fixed plants in the food-economy of the sea-shore is 
mainly indirect. They are little utilised in the living state 
(by uiimals, but they are useful in intercepting floatii^ food 
orgtuiisms for the benefit of creeping forms, such as Littorinas, 
and when reduced to detritus they provide a livii^ for a 
host of creatures living in the substratum. Still another 
source of food income to shore-dwelling forms is the quantity 
of debris (jetsam) washed up on the shore, mainly after 
storms. Much of this, however, ia permanently deposited 
only at the highest point reached by spring tides and is thus 
out of reach of strictly tidal species. It is, however, greatly 
utilised by amphipods, insects, and even birds. Methods 
of obtaining food on the shore are extraordinarily varied 
and interesting ; they range from simple non-selective 
current-feeding to the highly specialised procedure employed 
by, say, a starfish or an octopus. 
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Respiration in Shore Animals 

Notwithstanding the fluctuating nature of the tidal por- 
tion of the sea-shore, the animals nltich live there are 
practically all truly aquatic in their mode of respiration. 
They require to breathe dissolved ojq^en, whereas land 
animals, of course, use the free oxygen of the atmosphere. 
The proportion of oxygen in pure air is very nearly 21 per 
cent, by volume. Chi the other hand, according to the 
computations of Fox (1907), one Utre of sea-water of aven^ 
salinity (say 34*33 pro mille) and temperature 10° C. will 
absorb from a tree dry atmosphere of normal pressure 
6*44 C.C. of o:^gen. It thus follows that, hom the point of 
view of oxygen supphes, land animals have a considerable 
advantage over animJals which live in the waters. 

The oxygen content of sea-water diminishes with 
increasing temperature and salinity, and also with increasing 
depth. Owing to their shallowness, relatively low salinity, 
and to the effect of wave action, the littoral waters are the 
most highly aerated of the whole sea— one of the reasons 
why this area is so favourable to life. 

In both terrestrial and aquatic animals the respiratory 
exchange is effected by bringing an adequate quantity of 
the blood which, in all vertebrates and in most invertebrates 
also, contains a pigment with a special affinity for oxygen, 
\^ into the closest possible relation with the ambient medium. 
What we are accustomed to regard as the typical organ of 
' water breathers is a thin-walled, tisually feathery, structure, 
known as a gill, such as is present in flshes and the larger 
crustaceans. But among invertebrates the term " gill " 
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has no vety precise significance, and may be applied to 
practically any delicate extension or fold of the body surface 
through whid) an exchange of gases might reasonably be 
supposed to take place. Gills or respiratory outgrowths 

\ may occupy almost any position on the body. They are 
superficially similar in fishes and in the larger crustaceans, 
not only in situation, but also in appearance, and further 
also in the manner in which they are protected — a conver- 
gence which, as we shall see later on, has had interesting 
consequences in the two groups. In both laopod and 
Amphipod crustaceans, many of which are amphibious, 
die gills, though not homologous in the two groups, are 
placed beneath the body and have the form of thin plates. 
These ^-plates seem almost equally well adapted to 
/ breathing either moist air or water, since those of Ligia, for 
instance, differ Uttle from those of permanently aquatic 
forms. It is interesting to notice, however, that in the 
related terrestrial wood-louse , Porcellio scaber, the respiratory 
plates are traversed by fine branching tubes, which suggest 
the trachee of insects. In molluscs, as Semper (1899) 
points out, there are no less than five forms of gills, all 
morphologically different. We may mention those of 

'bivalves, folded plates perforated in a complex manner and 
situated within the shell (see p. 196) ; those of most marine 
shelled Gasteropods and of Cephalopods which for the most 
part resemble die typical form, and those of naked marine 
molluscs (Doris, MoUs) which are extensions of the dorsal 
body surface. The parapodla of Polyctuet worms are gene- 
rally supposed to have some respiratory significance,especially 
the drri, v^ch are sometimes greatly elongated as, for 
example, in Cirratuba. Tubicolous Polycbets have typi- 
cally a " crown '* of tentacles, or " gilb," which project 
from die open end of the tube. The term " gill " expresses 
the general opinion as to the function of these appendages, 
but they evidendy serve other purposes besides that of 
respiration (tube-building, food-w^^g). A certain amount 

. of respiration is no doubt effected in starfishes, sea-urchins. 



and britde-stars by means of the tube-feet ; starfiriies have. 
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in addition, scattered over thtir dorsal sutface, delicate 
fioger-Uke extensions of the body wall which contain an 
extension of the body cavity. Both inside and out these 
processes are lined by cilia, the internal dlia serving to 
keep in motion the cceloinic fluid and the outer ones to 
ensure the constant chang^ of the water (Delage and 
Hirouard, 1903). 

In every group there are animals of small size which 

I' are able to obtain sufficient oxygen through their skin, over 
their whole surface. No special organs of respiration occur 

/ at all within the groups of sponges and ccelenterates. 

A special respiratory pigment is of common, though 
not universal occurrence, in the blood or coelomic fluid of 
marine invertebrates : h£m<^lobin in the case of most 

/ worms and a greenish substance chlorocruorin in some others; 
a yellow pigment, echinochrome in the case of sea-urchins 
and luemocyanin in that of higher Crustacea and of some 
molluscs. Hsmocyanin is colourless in the living animal, 
but acquires a bluish tinge upon exposure to the air. The 
respiratory pigment may be carried in special corpusdes 
(amcebocytes), as in the case of the sea-urchin, or may be 
simply dissolved in the blood plasma. 

Respiration nearly always involves a mechanical process 
whereby a renewal of the respirable medium is ensured 
to the animal, the degree to which such a process is necessary 
beii^ governed by the extent to which the organs of re^ira- 
tion are protected, by the sluggish or active habits of the 
animal, by the nature of its normal habitat, and so on. In 
a typical land vertebrate, owing to the enclosed situation of 
the respiratory o^ans, which is necessary in order to 
avoid desiccation, the active nature of respiration is very 
marked. The renewal of the air is effected by the rhyth- 
' mical contraction and expanuon of the respiratory organs 
; themselves, aided by the movements of the chest irall. 
i In insects the same object is attained by the opening and 
doung of the stigmata or entrances to the air-tubes, and by 
the compression of the air-tubes themselves. In aquatic 

/ animals, particularly in those forms in which the gills are 
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protected, a circulatioii of the water over the respiratory 
tissue is only a degree less necessary and is obtained in 
various ways. The method in fishes hardly needa descrip- 
tioa. Water is taken in at the mouth and expelled through 
the gill-slits, or the water may enter underneath the gill- 
cover and leave by the same opening. In crabs and lobsters, 
where the gills are very completely protected, a current of 
water is kept passing through the gUl-chambers from behind 
forwards by the regular action of a specially modified appen- 
dage — the baler or scaphognathite. 

r Respiration in sea-cucumbers shows a very curious 
/cottvet^ent resemblance to the same process in a land 
/vertebrate. The respiratory organs in this group arc 
mainly the " respiratory trees " (known in French as 
" poumons "), hollow, branched structures situated within 
the body cavity of the animal and communicating indirectly 
with the exterior by means of the cloaca. As a result of the 
: rhythmical contraction of the cloaca, the lower portions of 
the trees are alternately filled and emptied, an exchange of 
gases taking place between the water, when the trees are full, 
and the blood contained in their walls. 

In the so-called " current-feeders " the water which is 
caused to flow through the body by means of ciliary action 
serves to convey the food and, at the same time also, the 
oxygen necessary for respiration. The tentacular crown — 
when this is present — and parapodial cirri of bristle-worms, 
notwithstanding their exposed character and the fact that 
the water surrounding them is in constant motion, are also 
ciliatedi as are analogous outgrowths in other groups, e.g. 
Nudibranch molluscs. 

To the student who is thinking over the process of 
re^Mratioa in shore animals a word of caution is necessary. 
The tendency is to regard any delicate vascular outgrowths 
as respiratory. This is a common-sense view, but it is 
doubt^, however, whether it b in every case borne out by 
facts. The removal of the so-called gUls of certain tube- 
worms, for instance, has been shown to have little adverse 
effects on these animals from the point of view of breathing. 
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As a matter of (act, Piitter, whose views on nutritioa we have 
discussed else^ere, holds the belief that these frequent 
reduplications of the hody surbce among invertebrates are 
concerned rather with the absorption of food materials in 
solution from the sea-water, than with respiration. Apart 
altogether, however, from Piitter's views, we still have to 
take mto account the feet that the so-called branchise are 
almost invariably covered mth cilia which, in some cases 
at least, undoubtedly serve to drive food particles towards 
the mouth, e.g. the cephalic " gills " of tubicolous worms, 
the " gills " of bivalve molluscs. 

A very comprehensive research into the question of 
respiration in Polycluets has been undertaken by Boimhtol 
(1902), and has provided data of much interest, ^^lth 
r^ard to the significance of the numerous extensions of the 
body surfece so characteristic of this group, Bounhiol is 
of the opinion that in the great majority of cases the term 
" gill " b physiologically incorrect and should no longer 
be employed. True branchite occur only in the highest 
types of the Errands (e^. the Euniddse) and of the Sedeataria 
(AJenicolidK and TerebelUdae). 

The follondng analysis of the factors capable of influenc- 
ing respiration in Polycluets is given by Bounhiol : 

( Physical : light, tempera- 
ture, pressure. 

. I Morphological : size, de- 
f permanent ( r ■ • 

^ gree of organisation. 

NonMlfacton, / Biolo^od : habitat, mode 

^ [ of life. 

I Sexual maturity, meta- 
morphosis. 
Accidental factors Changes in salini^. 

Our chief concern in this chapter is the effect upon 
respiration of the special conditions of the sea-shore. We 
' wish to know, for instance, what are the spedal respiratory 
modifications which enable certain shore animals to carry 
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I on as active exiBtence in both air and water ; how those 
animals which are quite incapable of breathing atmospheric 
or^gcn survive the periods of low tide ; what is the effect 
on respiration of sudi characteristic shore habits as burrow- 
ing and living inside a tube ; what is the influence of wave 
action and of low salinity upon this same all-important 
function ? and so on. Some of these questions have been 
answered already in connection with the discusuon of the 
ways in which shore animals meet the problems raised by 
the retreat of the tide ; others are new and now claim our 
attention. 

Th0 AoMunmodatloD <A Water-breathers to Bteatfafng in 
Air. — How is it that certain animals are able to cany on 
their activities both in and out of water, and what are the 
most essential features which distinguish air- and water- 
breathing ? In spite of the apparently great difference in 
structure between a water-breathing organ and one adapted 
to breathing air, the physiol<^ of respiration in the two cases 
is essentially similar. Hius, a point of great importance is 
I that in both cases the oxygen is absorbed from the sur- 
I rounding medium by a membrane which is kept moist and 
which, as Semper (op. cit.) points out, should be able to carry 
r out its function quite equa% well whether the oxygen is re- 
I ceived from air or from water. In tact, says Semper, provided 
the osmotic power of the respiratory membrane remains the 
same, since the amount of oxygen taken up within a given 
period obviously depends on the proportion of oxygen 
contained in equal volumes of the air or the water, the 
respiratory siu-^ce may be in a position to take up more 
oxygen from the air than from the water in the same unit of 
time, because air has a larger admixture of free oxj^en. 
From this it follows that, if there b no other hindrance to 
an alteration in the mode of life, an animal which has been 
used to breathing in water will more easily accustom itself 
to breathe in air than an animal living in the air, on the 
contrary, can accommodate itself to breathing in the water. 
One serious hindrance there is to the passage of an aquatic 
y animal to air : the tendency of the gills, if these are exposed. 
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. to cdlqwe or to become dried up and eobm^ed with one 
another. We have seen, however, that in fishes, Gasteropod 
moUusca, and Crustaceans, the ^Us are quite effecttr^ 
protected. Now, it is precisely these groups tliat have 
furnished truly amphibious forms, and we cannot doubt diat 
it is the protection given to the respiratory organs that has 
rendered the partly terrestrial habits possible. 

Certain fishes which, however, are not represented in 
Britain, have acquired the habtt of leaving the water periodi- 
cally and of disporting themselves in the air. Among these 
are two species of goby : Periophthalmus (see Fig. 14) and 
BoUophihahma. i^ch are said to skip along the water- 
line on the sea-shore T^iere they hunt for molluscs {OncM- 
datm) and insects (Semper, op. cit.). The gills in these 
forms do not fill the branchial cavi^, which is larger than 
usual and apparently contains air as weU as water. Several 
other fishes belonging to uiuelated families have their 
gill-cavities extended a considerable distance upwards on 
each side of the head, the mucous membrane of the extension 
hang sometimes folded in complicated fashion to form a 
" labyrinthine organ." Formerly it was thoi^[ht that the 
function of these accessory organs was to hold a store of 
water upon which the animala might draw during thor 
loi^ excursions. It is now certain, however, that thqr 
contain nothing but air and are really capable of requring 
atmospheric oxygen. Among the species which possess 
this modification is the well-known " climbing-perch " 
{Anabas scandem), which is popularly credited with the 
power of mounting palm trees by the aid of the spines on 
its scales and gill-covers, and is certainly capable of livti^ 
out of water notwidutandii^ that the accounts of its climbing 
powers may be exaggerated. The amphibious habits of 
these fishes and the relatively trivial amount of modification 
that has been required to make them possible show that the 
two processes of air-breathing and water-breathing are not 
80 dissimilar after all. This statement is further corrobo- 

, rated by the readiness with which fishes living in water 
which is insufficiently aerated will come to the surface to 
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refresh diemselves with a gulp of ttir. As a matter of fact, 
if the two fishes BoUopkthabma and Periophtkabma are 
prevented from reaching the surface in order to take in air 
they are drowned (WHllley, 1911), a curious end for such 
^ically aquatic forms as fish. 

In more or less similar fashion, the different common 

I species of Littorma when placed in an aquarium will 

voluntarily climb up the sides to some distance above the 

water-level. They also die if pennanently cut off from 

access to air. Many other amphibious snails occur outside 



« by die lud of ha pecntnl fina. Note the owdUicd 

pdvic fina acting aa ■ tucket. 

our area. One of the most remarkable of these is Ampul- 
laria which has gill and lung cavities equally well developed 
and vAua living in water makes use of both in rapid altema- 
ti<m (see Semper, op. dt.). 

Certain species of crabs exhibit an almost exact analogy 
with Amphibians proper, spending most of their time on 
land, and only returning to the water for very short intervals 
or perhaps only at breeding time. They owe their partial 
iconquest of the land largely to the protected situation of 
jtheir respiratory organs which prevents their becoming 
dried up, and partiy also to the gradual accommodation to 
sub-aerial conditions which shore life affords. The begin- 
' nings of air-breathing are already observable in the common 
. crabs of our own sea-shore. But in order to see how lar 
the process of emancipation from water-breathing mi^ 



b, Google 



208 THE BIOLOGY OF THE SEA-SHORE 

have proceeded in animals of truly aquatic origin it is neces- 
sary to study the many kinds of tropical Und-crabs : Grapsut, 
Ocypoda, GeUuimus (Fiddler-crabs), Geocarchms and Btrgus. 
In practically all of these the largely terrestrial habits are 
accompanied by observable modification of the respiratory 
apparatus. In Ocypoda and Gelasimus the gill-chambers 
are larger than usual and their lining membrane is richly 
vascular. Air is said to enter the gill-chamben by an 
opening, protected by a brush of setsc, between the second 
and third pairs of walking legs on each side (Caiman, 191 1). 
The enlai^ment of the gill-chamber and the vasculaiiBation 
of its wall are closely analogous to what a seen in the tropical 
fishes with umilar amphibious habits. Hie modifications 
for air-breathing in the robber-crab {Btrgus latro) have been 
studied by Semper (o^. cit.), who found that the gill-cavity 
is divided into an upper and a lower half by a transverse fold. 
Tlie lower half contains the gills which, though numerous, 
are reduced in size ; the upper pordon functions as a true 
lui^ and contains nothing but air ; it also has its lining 
membrane produced into numerous arborescent tufts 
which are extremely vascular. A further striking feature is 
to be found in the arrangement of the blood-vessels, which 
is precisely that of a true lung : blood poor in ox^en entering 
the chamber from the body and the efferent vessels opening 
directly into the heart. 

Members of the genus of hermit crabs Ccmobita, which 
is related to Bogus, in addition to the modification of the 
gill-chamber, have the soft skin of their abdomen richly 
vascularised, so as to be capable of effecting an exchange of 
gases, a specially acdve circulation bdng maintained in this 
region by a pair of contractile vesicles or accessory " hearts," 
situated at the base of the abdomen (Caiman, op. at,). 

Cowles (1908) has made an exceedii^rly interestii^ study 
of the habits of Oiypoda arenaria, a land-crab which frequents 
the Atlantic shores of the more southern states of An^erica. 
Althou^ Ocypoda spends most of its time on land (in damp 
burrows), it is obliged to go down to the ocean from time to 
time in order to moisten its gills. On such occasions the 
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crabs do not eater die water but take up their position close 
to the water-line and, mth the appendages of one side firmly 
anchored in the sand, wait till an extra high wave washes 
over them ; they then return immediately to the higher parta 
of the beach. Like other land-crabs Ocypoda breeds in the 
sea and it will also take to the water if hard pressed by an 
enemy. 

Baorirttifm in Bdation to Steoctnn and Bfdrit—Certain 
structural features of shore animals and certain of thrir 
habits also have had considerable influence on the function 
of respiration. Most molluscs, for instance, in consequence 
of the presence of a shell and the concealed. nature of the 
branchiae, require some special means of taking water into 
and expelling it from the branchial chamber. In most 
herbivorous Gasteropoda (Litiorma, Trockiu) the water is 
carried to and from die branchial chamber by a simple 
extension of one of the mantle lobes, Ha incomii^ and 
outgoii^ streams being separated by a flap oi tissue hanging 
from the lobe. In carnivorous molluscs, on the other hand, 
a more or less completely closed tube — ^the branchial 
siphon — has been developed from a fold of die mantle- 
surface for the express purpose of conducting water to the 
gills. The spent water does not return through the siphon, 
but by means of the dlia situated on the gills is driven 
towards the anus. Frequently, the siphon is protected 
along die whole of its length by a special prolongation of 
the shell called the canal, as in Murex ; in the whelk and 
dog-whelk, however, the canal is simply a long notch in 
the Rwuth of the shell. In the group of die Zygc^ranchiata, 
which includes the key-hole limpet (Fissurella), common 
limpet and " ormer '* (HaUotis), there may be one or more 
special apertures in the shell for the water to escape after 
it has passed over the gills (see Cooke, 1895). 

A consideration of the siphons of bivalve molluscs is 
best deferred imtil we come to deal with the question of 
respiration in relation to the habit of burrowing. 

Other ^ore animals, besides molluscs, in which the 
presence of a shell or, what comes to very mudi the same 
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thing, a tube, affects the function of respiratioc, are the 
barnacles and tubicolous worms. Darwin (1851-4), for 
instance, gives an interesting description of the process of 
breathing in the former group. Each of the single pair of gills 
is formed from an inward pUcated fold of the membranous 
sac in which the animal is enveloped. The water is being 
constantly pumped in and out of Uus sac by the movements 
of the opercular valves, which Darwin likens to the heavii^ 
of a man's chest. Further, the gills on each nde are so 
closely attached to the point of one of the valves (the tergum), 
that each time the valve moves the ^ole gill is caused to 
open out as if moved by a lever. 

Tubeworms, as we have already noticed, breathe, to 
some extent at least, by means of the terminal tentacles or , 
" gills " which are left protruding from the open end of 
the tube. In addition, there are ^e parapodial cirri which 
are present in eadi segment and are sometimes very con- 
spicuously developed (e^. Nerme, Cinatuba). While the 
direct respiratoiy value of these is no doubt small, it should 
be taken into consideration that th^ are covered with dlia 
which ensure a plentiful circulation of water round the 
body itself. Indirectly, theref««, the cirri may have 
considerable respiratory value. Til worms like Sabella, 
aeration of the body in the tube is obtained by the alternate 
protrusion and retraction of the " branchial crown " which 
is here supported by a skeleton. Other tubicolous forms 
obtain a more active circulation of water about thdr bodies 
by performing vigorous undulatoty movements within their 
tubes. Burrowing worms exhibit analogous behaviour. 
According to Bohn (1901), the lug-worm, for instance, does 
not always frequent a U-shaped burrow, as is generally 
stated, but is often found occupying a vertical position 
(cf. Gamble and Ashworth's " Laminarian " form), head 
downwards, and then behaves exactly like a Pectmaria in 
its tube, causing the water, by means of dilating successive 
segments of the body, to flow either up (inverse current) or 
down (direct current). When the animal is submerged the 
direct current is the one employed (cf. Corysies, p. 213), 



b, Google 



RESPIRATION IN SHORE ANIMALS zii 

the water then filtering through the add fseces or through 
the sand held by the parapodial bristles, and losing in conse- 
quence any possible toxicity due to its being alkaline. At 
low water the current is Inverse or nil. 

lUQiicaiion in B«Uti(m to Bamming.— The habit 
of burrowing b particularly useful on the sea-shore since 
it not only secures to an animal a quantity of food in a 
conveniently fine condition, but also provid^ a satisfactory 
response to several urgent problems such as the need of 
escaping observation by enemies, and of avoiding the conse- 
quences of wave action and of the retreat of the tide. It b 
therefore not surprising to find the soil of the tidal zone 
supporting not only a large permanent population, but also 
affording a sanctuary to other more active animals when this 
area is uncovered. The most characteristic burrowing 
forms are " worms " (including Nemerteans, Oligochstg, 
and Polyctuets), crustaceans, and bivalve molluscs. Two 
particularly common burrowing Polychaets are the lug- 
worm {Aremcola) and Cirratuhis. The former has its 
respiratory surfiice augmented by a series of bushy gills 
which, in view of their delicate nature and exposed situation, 
one cannot but feel are ill suited to a burrowit^; animal. 
On the other hand, according to the observations of one of 
the writers, the respiratory arrangements in Cirratuba 
appear to be remarkably well adapted to a subterranean 
exbtence. The presence of this worm in its natural habitat 
is denoted by a group of delicate bright-red processes or 
cirri lying on the surface of the sand or gently waving in the 
water of a pool. These cirri, which are remarkably long 
and elastic, occur in paired clusters a short dbtance behind 
the anterior end and also in single pairs on each segment. 
When the worm burrows, the filaments are left protruding 
in the water at the surface and th^ almost certainly serve to 
keep the blood aerated while the owner b finding its food 
in tiic distinctly foul mud which it prefers. 
/ The danger of asphyxiation in the rich mud of the sea- 
' shore b by no means a remote one and, in fact, in the course 
of a hot summer may become acute. Thus, Bohn (op. cit.) 
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has shown that in autumn certain species of worms and 
crustaceans may begin to suffer from a kind of p<n8oning 
due to the over-accumulation of toxic products in the sand. 
On the other hand, the same writer shows that water in 
which certain seaweeds have been hvii^ (red seaweeds and 
Lithothamnion in particular) tends to become very toxic to 
aiumal life on account of its excessive alkalinity, but filtering 
through sand rectifies this. In a sense, thereifore, the sand 
offers a chemical as well as a physical protection to the 
animals which frequent it. 

In bivalve molluscs, which are pennanent burrowers 
in a stricter sense even than worms, the gills Ue in a large 
cavity — the mantle chamber — which is placed in communica- 
tion with the water above by means of two tubes or "siphons." 
Of these, one serves to conduct the water in, the other to lead 
it out again, after it has fulfilled its purpose. The siphons 
may be separate for practically the whole of their length or 
may be more or less completely united. The length of the 
siphons is, with few ^ceptions, an accurate index of the 
depth to which the animal burrows. The drculation of 
water through the mantle cavity is ensured by the dlia of 
the gills. Actually, this ciliary current serves, as in a number 
of otbei cases, the dual purpose of aeratii^ the animal and 
conveyii^ to it its food. The term " gill " is really a 
misnomer in this case, the so-called gills being nothing more 
or less than food-collecting organs ; the true organ of 
respiration in bivalves is the mantle. Nevertheless, it is 
ob^dou8 that the siphons constitute an adaptation to subter- 
ranean breathing as much as to feeding. 

Several of the larger Crustaceans spend a good deal of 
their time underground and show very distinct respiratory 
modifications in consequence. Both in the common shore 
crab and in the swimming crabs, the claws together with the 
marginal spines form a sieve through which the water of 
respiration is filtered free of sand. In Calappa and others 
viiich have no filtering spines there are crest-like expan^ons, 
divided into spines and notches, on the upper side of the 
claws themselves (Garstang, 1905). The greatest amount of 
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specialisation, however, b seen in the " masked crab " 
{Corystes cassivelaunus), although this is not, strictly speaking, 
a shore species. The nntennse of Corystes, unlike those of 
the majority of crabs, are very long and are frilled with 
hairs ananged so as to interlock when the two anteiuue 
are apposed, and to form a long tube. When the crab 
burrows, the tips of the antennae are left protruding at the 
surface and, by a reversal of the normal respiratory current, 
a stream of water is kept passing down the tube into the front 
ends of the gill-chambers. At the entrance to each gill- 
chamber is a hairy filter which rejects any particles of mud 
that may have entered the tube with the water (see Garstai^, 
1896, and Zimmermann, 1912). The reversal of the 
normal respiratory current and the formation of an antennal 
tube, along with other slighter modifications, constitute a 
remarkable adaptation to the burrowing habit. 

Bsnimiaa in Belatitm to the TniUditr oi laban 
Watos. — Shore waters are always more or less turbid 
owing to the stirring-up by wave action of the sand and 
mud of the sea-bottom. In addition, a laige amount of 
silt is continiially bang brought down by rivers. Such 
considerations naturally prompt us to inquire whether 
turbidity is a factor of any importance in the life of shore 
aiumals and, if so, what is the manner of its action ? It so 
happens that there is not a little evidence, some of it of more 
than usual weight, to show that the presence of a quantity 
of solid particles in suspension does actually present an 
important problem to certain members of the shore fauna, 
and this is mainly because of their tendency to impede the 
proper functioning of the breathing organs. The problem, 
in fact, ia closely analogous to that Meeting burrowing forms 
which have to find some means of obtaining their water of 
respiration free of sand particles. Moreover, in both cases 
the most important adaptive modifications are observable 
among the hi^er Crustacea. Zimmermann (191.1) remarks 
" on a praiseworthy striving after cleanliness " on the part 
of the Galatheidae, and instances numerous ways in which 
the members of this group(«.^. Galathea squamifera, PorceUana 
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platycheies, and Munida rugoia), which live on flat shores, 
are able to guard against the chokii^ of the branchial 
chamber and the clogging of the gitls by mud in suspennon. 

What are undoubtedly the most careful and convincing 
researches on this subject have been contributed by Welldon 
(1899). They are indeed classic. WeUdon's researches 
were primarily directed towards estimating quantitatively 
the effect of the continued selection of small variations in a 
particular direction, but incidentally they throw consider- 
able light on the subject we have under consideration. By 
careful measurements extending over a period of six years 
Welldon and Thompson established that the mean frontal 
breadth of common shore crabs (Carcmm manas) living in 
Plymouth Sound was diminishing yearly at a rapid rate. 
Welldon formed the opinion that the change had been 
brou^t about by selective destruction of crabs due to 
changes in the physical conditions of the Sound, or more 
precisely, to a progressive increase in the turbidity of the 
waters of this area as a result of certain alterations effected 
by man. In particular, the construction of a huge breakwater 
has led to an increase in the quantity of fine mud (china 
clay from the adjoining land carried into estuaries on eitiier 
side of Ptymouth) on the shores and bottom of the Sound, 
unce the mud can no longer be carried away by the scour 
of the tide or the waves of severe storms. By means of 
experiments conducted in the laboratory Welldon proved 
that the effect of this mud when in suspension is to cause 
the gills of some of the crabs to become choked, and the 
greater the frontal breadth of a crab the more readily will 
the choking occur. The gills of crabs which died during 
an experimoit with fine clay or mud suspended in the water 
were covered with a fine white deposit which was not 
found in the gills of the survivors. The reason for the 
escape of crabs of narrow frontal breadth is because this 
character renders one part of the process of filtration of the 
water of respiration more efficient than in crabs in which 
the frontal breadth is greater. 

These experiments of Welldon 's are among the few which 
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have been attempted to test the survival value of a particular 
character, and on that account we have more than the usual 
amount of justification when we speak of the narrow frontal 
breadth of shore crabs in Plymouth Sound as being an 
adaptive character — adaptive, that is, to the high degree of 
turbidity of the water which these animals are required to 
breathe. 

BetnwpeoL — In spite of the fluctuating character of the 
tidal area the great majori^ of shore animals are ^ical water- 
breathers. Many of them, in consequence, are obliged to 
become inactive at low-tide and to nuAe shift with the small 
amount of oxygen present in the moisture retained on the 
sur&ce of the gills. A small minority are truly amphibioua 
in the sense that they can carry on their activities in two 
distinct media and have been actually found to breathe either 
air or water as circumstances require. Usually, this dual 
mode of breathing is accompanied by a certain amount 
of structural modifit^tion, but this is not always the case. 
The fact of the matter is that, pfaysiol<^cally, the difference 
between air- and water-breathing is not profound, and in 
one important feature the two processes are identical — the 
membrane through wliich the exchange of gases is effected 
has its surface bathed in moisture. There is a sense in 
which the most typical land animals may be said to breathe 
dissolved oxygen. 

The chief hindrance to the pass^ of an aquatic animal 
from its original habitat to air is the tendency of the respira- 
tory surfaces, if these are exposed, to become dried up. 
This provides us mth a reason why the amphibious habit 
has proceeded furthest in forms such as crabs and snails 
(and to a lesser extent in fishes), for these have their respira- 
twy organs effectively protected. It by no means follows, 
hovrever, that the protection has been evolved for thb 
particular purpose. 

The habits of tube-building and of burrowing in the 
sea-floor are other typical shore activities which have 
influenced the function of respiration. Burrowing, in 
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particular, has led to interestiiig arrangements whereby 
water may be drawn from the surface or filtered clear of 
sand. One of the beat examples of these is provided l^ 
Coryttes in which the anteniue, v^en apposed, form a kn^ 
tube, down vi4uch, in consequence of the reversal of the 
normal respiratory current, water is drawn into the gill- 
chambers. The habit of burrowing also involves inte- 
resting respiratory problems such as the effect of the 
accumulation in the sand of decaying substances and of 
the waste products of metabolism. 

Wave action has here been seen to involve yet another 
source of dai^;er to certain shore animals : that of asphyxia- 
tion in consequence of the agitation of the sand and mud of 
the sea-bottom. In Plymouth Sound, for instance, selective 
mortality amoi^ the members of the local faima was caused, 
during a certain period, by an increased turbidity of the 
water due to physical dunges introduced by man. A 
consequence of particular interest was that those crabs 
tended to survive which varied in the direction of greater 
effidency in the methods of filtering the water required for 
resiuration. 

An extreme example of how turbidity of sea-water may 
affect marine animals was provided by a rain of ash from 
Vesuvius in April, 1906 (Lo Bianco, 1906-8). Here, also, 
the mortality caused by the nutter in suspension, among 
the animals of Naples Bay, was selective, some forms 
suffering only slight inconvenience, while others, such ss 
sea-urchins, were wiped out. The death of the sea-urchins 
was due to clogging of the madreporite, and other forms which 
succumbed in more or less analogous fashion to the 
mechanical effects of the ash were Am(>hioxus and various 
bivalve molluscs. The consequences of the catastrophe 
continued to be felt for many years. 
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CHAPTER XI 

The Nervous Organisation and Behavioub of Shosb 
Animals 

Shore animals are favourite subjects of experiment in 
connectijm with the study of " behaviour " and have 
furnished very interesting and important results. These 
results have been obtained not by psychologists in the usual 
sense of the term, but by biologists who, untrammelled by the 
methods of traditional psychology and free from considera- 
tions of " mind " and "consciousness," have confined them- 
selves to a purely objective study of the reactions of the animal 
to its environment. In consequence of the adoption of 
this method of inquiry, the whole subject of animal behaviour 
is now on a better and very much sounder basis ; there is — 
or should be at least — an end to anthropomorphism and the 
often fanciful interpretations of the older naturalists no longer 
have a place. 

Our object, then, in this chapter is to illustrate the manner 
in which the special conditions of the ridal area have 
influenced behaviour, so far as critical observation and 
experiment have made this apparent. Since, however, 
the behaviour of an animal is essentially a function of its 
nervous ^stem, we cannot do better than take as the founda- 
tion for our study a description of the nervous organisation 
and sense organs of the most important shore Qpes. To this 
we will add an account of such experiments as tend to throw 
light upon the level reached by behaviour in the respective 
groups, 

HwroBi O^anlsation ol Shore Forms.— The type <^ 
nervous organisation most familiar to us, viz. that of 
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vertebrates, is composed of a number of comparatively 
umple Btructural units, the nerve-cella or neurones, having 
a typical arrangement. This includes (i) a sensory cell 
extending from the body surface to the grey matter of 
the spinal cord (with its body situated in the spinal 
ganglion), along which impulses pass in to the central 
nervous system; (2) a motor nerve -cell, with its 
body utuated in the grey matter, connecting the spinal 
cord with a muscle ; and (3) a connecting or intemuncjal 
nerve-cell joining up the sensory and motor nerve-celts 
within the central nervous system. This chain of rebted 
parts, consisting of receptor, adjuster, and effector elements, 
has been des^^ted theneuro-muscular^tem (Parker, 1918), 
since the term "nervous system" does not usually include the 
muscles, or effectors, which are nevertheless an integral part 
of the behaviour organisation. According to Parker (op. cit.), 
this ^tem probi^ly did not originate as a nervous structure, 
but the first trace of it is to be seen in independent effectors 
sudi as the smooth muscle of the lowest multicellular 
animals. " This tissue, as seen in the oscular and pore 
sphincters of sponges, represents muscle unassodated with 
nerve and acting under direct stimulation from the environ- 
ment. Such independent effectors are apparently open to 
only a limited range of stimuli, particularly to those of a 
phyucal type, and are relatively slow and sluggish in 
response." To this simple effector system was next added 
a receptive element in the shape of a sensory surface formed 
by modification of epithelial cells in the neighbourhood 
of the already differentiated muscle and particularly respon- 
sive to pressure changes, chemical changes, and chaises in 
heat and light ; the tUsturbances set up by any of the above 
stimuU being communicated to the muscles. In practically 
every case of this kind the processes of the receptive cells 
are applied not only to the muscle-cells, but branch to form a 
plexus or " primitive nerve net " in audi a way that a stimulus 
affecting only a few of the sensory cells is conveyed to a 
considerably greater number of muscle-cells. A system of 
this kind is present in the tentacles of sea-anemones. More 
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usually, however, in Ccelenterates a third ^e of cell is 
intercalated among the branches of the nerve-net. adding 
to its cdnq>lexity and bringing the nervous organisation a 
step nearer to the centralised system of h^her animals. 
These cells have been called ganglion cells, a term which 
Parker thinks is inappropriate. 

A nervous organisation such as that just described is 
characterised by its general difiuseness and lack of centralisa- 
tion ; points which bring it into sharp contrast with the highest 
type of nervous system, where a central nervous organ or 
adjustor is differentiated. According to Parker, this new 
adjuster element, which plays so important a part in corre- 
latii^ and controlling behaviour, has arisen from the nerve- 
net which, as we have seen, forms an indirect coimection 
between receptors and effectors. The nerve fibres consti- 
tuting the plexus, originally situated in the outer layers of 
the animal, tend to become grouped into distinct tracts or 
bands of tissue, which gradually become separated from the 
ectoderm and sink into the deeper parts of the animal, 
giving rise to the ventral nerve-a>rd characteristic of the 
higher invertebrates, such as worms and crustaceans. 

This brief outline of the evolution of the primitive 
nervous system, for which we are indebted to Paricer, will 
serve as a basis for a more detailed discussion of the nervous 
organisation of the most important shore groups. 

SooDgM. — These, the most inert of all the multicellular 
animals, are devoid of any observable nervous elements 
whatever. They display, however, a diffuse contractility 
due to the presence of contractile cells or myocytes. The 
principal activity of spoi^es is that of maintaiiung a con- 
tinual flow of water through the body by means of the 
action of the flagellate cells which occur in their interior. 
The only behaviour observable is when, at low tide or in 
other unfavourable circumstances, the sponge (e^. Styh- 
teUa, or the British genus Pacfymatuma) closes its oscula 
and contracts its flesh. When conditions are again ^vourable 
opening occurs as the result of the elasticity of the sur- 
rounding flesh. The muscle elements act as unco-ordinated 
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independent effectors and their activity is due to direct 
stimulation from external sources. It is iaterestii^ to 
note, however, that an injury performed within a centi- 
metre of the osculum will induce the latter to close, bo that a 
method of transmitting an impulse is not entirely absent 
in sponges. Moreover, in some cases at least, the transmis- 
sion (^ the stimulus occurs without visible motion and 
would therefore appear to be nerve-Uke (Pai^er, op. cit.), 

SM-Anemooes. — ^The body of an anemone is composed 
of two organised cell-layers and a third non-cellular layer 
or lamella placed between them which discharges the 
function of a skeleton. The outer and inner layers (ecto- 
derm and endoderm) have, notwithstanding the different 
functions they discharge, very much the same structure. 

In each the epithelial outer portion contains sensory 
cells whose deep ends are produced into a number of delicate 
fibres interlacing to form a middle nervous layer which 
includes, in addition, the so-called " ganglion " cells 
already mentioned. Beneath this is a third layer, consisting 
almost entirely of elongated muscle cells with their bases 
closely applied tp, or even embedded in, the supportii^ 
lamella. The nervous organisation of the anemone thus 
includes, in addition to effector and receptor elements, 
the beginning of an adjustor element in the shape of a nerve- 
net which, as we have already seen, permits a stimulus 
affecting only a small sensory area to be conveyed to a 
comparatively large system of effectors. It is only fair to 
point out, however, that doubts have recently been raised 
as to the importance of the nervous sub-layers in the ectoderm 
and endoderm in nervous conduction, and it Is now considered 
that a more important part in the transmission of impulses 
is played by the lamelU, which has been shown to contain a 
quantityof nervous elements and connections (Parker, o^.nV.). 

Generally speaking, the responses of Cslentera are 
distinctiy of a quick type, though slower than those of 
Arthropods, and this is due to the possession of sensory 
svafacea, since by means of these the muscles are called into 
action more quidtly than by direct stimulation. 
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Fleure and Walton (1907), from a study of Actinia, 
TeaJia and Anthea, conclude that the base of the animala and 
the tentacles are the parts most sensitive to mechanical 
stimuli. In Anthea and Actinia the mouth is the region 
specially sensitive to chemical stimuli, and the tentacles are 
insensitive except when the chemical stimulus is excessive. 
The behaviotir of these forms would seem to be modifiable 
by experience. Thus, pieces of filter paper placed on some 
of the tentacles of an Actima were carried to the mouth, 
but, after a few trials lasting over two to five days, similar 
offers were rejected by the tentacles. 

According to Jennings (1905), changes in the internal 
metabolism, former stimuli that have affected the animal, 
previous reactions performed and other Victors, combine to 
determine the action of a sea-anemone. There is also a 
marked tendency in some cases to repeat an action in the 
way it has been performed on previous occasions. These 
■ various factors give, according to this writer, a high degree 
of complexity and adaptiveness to the behaviour of even 
these lowly animals. 

A sbiicture of particular interest in sea-anemones is the 
stinging cell or cnidoblast. These have been described 
alr^y (p. 105), but we may refer here to the fact that each 
stin^g cell possesses a special sensory process or cnidocil, 
stimulation of which provokes the hberation of the stinging 
thread. The fact that the bases of the stinging cells branch as 
do those of the ordinary sensory cells led observers to believe 
that the stilling cells were subject to nervous control in 
the same way as the muscles of these animals. Apparendy, 
however, there is no experimental evidence in support of 
this view, and it must therefore be concluded that the 
nematocysts are only discharged under direct stimulation 
from the exterior (Parker, op. cit.). 

E^'dioida. — From an experimental study of Corymorpha, 
Parker (op. ciY.) concludes that the nervous organisation of 
hydroidfi is very mtich like that of anemones, but represents 
a somewhat simplified condition ; it ia characterised by the 
same lack of any general nervous centre and the same 
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general independence of parts from the stan(^int of 
neuromuscular activity. Compared with the behaviour of 
anemones that of Corymorpha is distinctly less effective. 
For instance, the tentacles of an anemone when touched by 
a morsel of food turn in all directions till they have gradually 
entwined it. At the same time the tentacles secrete a sticky 
mass and liberate nematocysts with great freedom. Eventu- 
ally, by the action of cilia and muscles, the food is delivered 
at the mouth. In Corymorpha, on the other hand, the 
tentacles respond by waving in only one direction — towards 
the mouth — and since the response remains unaltered whether 
food touches their oral or ab-oral surface, the food in the 
latter case is left behind. The proximal tentacles of Coty- 
morpha secrete no mucus, and there are no cilia to help 
waft the food towards the mouth. The behaviour of 
Tubularia shows the same lack of correlation and, on the 
whole, the behaviour of hydroids would thus seem to be on 
a distinctly less effective level than that of Anthozoan polyps. 

Kdrinodenm. — The nervous system of this group, as 
illustrated by the starffah, represents an interesting advance 
upon that of Coelenterates. What we have referred to in this 
latter group as the primitive nerve-net is represented in 
Echinoderms by a plexus of nerve fibres and " ganglion " 
cells at the base of the ectoderm. This nervous lay^, 
however, becomes distinctly thickened in certain places 
and causes the ectoderm to project as a ridge. One of these 
ridges runs down the middle of the under dde of each arm 
and is known as the radial nerve cord. These rit^es or 
radial nerve cords are united by a similar thickening of 
drcular shape on the inner surface of the mouth, known as 
the nerve-ring. Translating this into the terms employed 
at the beginning of this section we may say that the nervous 
organisation of Echinoderms is at that stage where an 
adjuster element is becoming plainly differentiated. 

The activities of Echinoderms show a high degree of 
co-ordination, but it is impossible to point to any obvious 
centre, such as the cerebral ganglion of worms and Arthro- 
pods, or the brain of higher types. The co-ordinator of the 
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movements of the sq>arate arms of the starfish, for iostaace, 
is evidently the nerve-ring. It is easy to demonstrate this 
experimentally. Thus, in spite of the absence of any brain, 
or of anything representing a head region, a starfish invariably 
moves in a determinate direction with one arm general^ 
directed forwards. This is brought about by the tube feet 
of all five arms swinging in a direction parallel to that in 
which the animal is moving, and without reference to the 
long axis of tiie arm to wUch they belong. If, now, the 
connection of eadi of the radial nerves with the nerve-ring 
be severed, the tube feet of each arm will act perfectly 
independently and the animal will be pulled first one way 
and then another, according to which arm chances to exert 
the strongest effort. 

A similar co-ordination of activities is particularly well 
seen when a starfish is placed upon its back. The tube feet 
are first extended in all directions and quite independently. 
When, however, a hold is obtained by some of the tube feet, 
the remainder at once exert their effort in the same direction, 
and the harmonious efforts of all the tube feet enable the 
animal to turn over. 

The sense cells scattered through the ectoderm of star* 
fish and sea-urchin render these animals sensitive over their 
whole surface. The sensory elements are, however, particu- 
larly numerous round the discs of the tube feet, and it is 
these which form the chief sense organs. Each tube 
foot also' receives a branch of the radial nerve cord. The 
tip of the terminal tentacle of each arm is modified as an 
optical organ, consisting of a nunUier of cup-shaped depres- 
sions of epithelium, lined by pigmented, rod-like sensory 
ceUs. The eyes of Asterias rubens and Solaster papposm 
are said to perceive distant illumination v4uch is in contrast, 
dtfaer positively or negatively, to that of its immediate 
surroundings. There is, however, no evidence of image- 
formii^ or detection of movements on the part of the eyes 
(Plessner, 1913). According to another worker (Mangold, 
1909), the use of the " eyes " in starfish is doubtful, their 
excision making no difference to the light reactions. This 
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has been confirmed by Cowles (191 1). la all three groups, 
starfishes, sea-urchins, and brittle-stars, the light sense would 
appear to have its seat in the vrhoie skin. 

The activities of spines and pedicellariie in the sea-urchin 
have already been alluded to (see pp. 88 et teg.). Though 
their behaviour is of a purely reflex character (a spine or 
pedicellaria removed from the test, along with a snudl portion 
of the underlying skin, mil continue to respond to stimulation), 
yet these structures act together wonderfully harmoniously, 
so that the sea-urchin has been called a " republic of 



On the whole, it would appear that the behaviour of 
Echinoderms, notwithstanding its predominantly reflex 
character, is yet exceedingly varied and flexible and is, 
moreover, capable of being modified by experience. Thus 
starfishes, when pe^ed down several times in succession 
in the same position, showed a gradual reduction of the 
movements necessary for escape. Again, a short piece of 
rubber tubing, when passed several times over the arm of 
a brittle-star, was observed by Preyer to be removed in five 
different ways. 

Bohn (1908), however, who has repeated Preyer's 
cq>eriment8, has been unable to obtain any confirmation of 
thk whatsoever. The escape of the arm from the rubber 
tubii^ is said to be purely a matter of chance. 

Anndldl and (knttaoea.— The plan of the nervous system 
is approximately the same in both these groups. Typically, 
it cooasts of a pair of ganglia in the head region (cerebral 
ganglia) united by a ring of nerve dssue to a similar pair of 
ganglia placed beneath the anterior end of the gullet (suboeso- 
phageal ganglia). The lower ganglia form the most anterior 
pair of a double chain of ganglia extending the whole length 
of the body and united by strands of nerve tissue. In the 
earthworm or in Nereis, irfiich we may take as typical of 
Annelids, there is a pair of ganglia to each segment, and from 
each ganglion nerve fibres extend to the skin. In Crustacea 
such as the crab, successive ganglia tend to fiise, which means 
that the activities of these forms are more highly centralised 
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than those of wonns. The difFiue and superficial system 
of the forms hitherto studied has been replaced by a definitely 
centralised and more deeply situated band of tissue or 
nerve-cord. In certain worms, e^. SigaHon, the nerve-cord 
still retains its connection vith the ectoderm, and though 
it has become completely separated off in the earthworm, 
in Nereis the brain still retains its connection with the skin. 

Contrasting the so-called " litde brain " type of the 
higher invertebrates, which reaches its culminatmg point in 
insects, and the " big brain " type of vertebrates reaching 
its hi^est development in bir<k and mammals, Sir Ray 
Lankester notes that the former is distinguished by its 
wealth of ingrained capacities of instinctive behaviour and 
its comparative ineducability. The big-brain type, on the 
other hand, is relatively poor in ii^rained capacities of 
instinctive behaviour, but has a remarkable capacity for 
learning. 

Sense organs in marine worms (Polychfets).are ftvquently 
well developed. Thus Nereis has eyes, tentacles, palps 
and cirri all sittiated on the front of the head. The tentacles 
and cirri are tactile in function, the axis of each organ being 
traversed by a nerve whose fibres tenninate in sensory cells. 
The palps are probably organs of chemical sense and 
combine the functions of taste and smell (Benham, 1896). 
Eyes are not necessarily confined to the first segment of 
the body but may occur elsewhere, the situation depending 
on the particular conditions of life. In some of the tube- 
worms eyes occtu- on the gill-filaments, their dark colour 
being in sharp contrast to the bright pink of the blood drcu- 
latii^ in the filaments. 

Another ^pe of sense organ found in some Folychsts, 
e.g. the lug-worm Aretacola, is an otocyst, perhaps better 
called a statocyst. Though not common in worms, a similar 
organ is of considerable importance in Crustacea. These 
statocysts are equilibrating oi^jans rather than organs of 
hearing and probably keep the animal informed as to its 
poution in space. In Aretacola, a pair of statocysts is 
situated at the base of the prostomium. Von Buddenbrock 
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(1913)1 who has studied these structures in the lug-worm 
Arenicola and other forms, including the bivalve SoIen 
vagina, states that they have nothing to do with the perception 
of osdllationa in the water, but effect an increase in the 
tonus of the longitudinal musdes on the side that is under- 
most and cause their contraction. There is also a musculo- 
sensory regulation nUch always tends to keep the tail 
parallel to the head, and these two fectors co-opnate to enable 
Solen to bore in the sand in a vertical, poutively geotropic, 
fadiion. 

"nie tough cuticle which is so characteristic a feature of 
Crustacea would not seem to point to a hig^ degree of 
sensitivity in these animals. As a matter of fact, however, 
many of the numerous setse which are scattered all over the 
body and limbs of a ^ical Crustacean have a sensory 
function and render these animals more sensitive to stimuli 
of touch, at least, than might be ^[pected. These setse 
are hollow extensions <^ the integument, movably articu- 
lated at the base, and contain a prolongation of s(»ne of the 
cells of the ^in, amoi^ which lie one or more nerve fibres. 
When feathered or provided with secondary barbs the 
setse will react to movements or vibrations of the water. 
Some seta^ of this type are thought to have an auditory 
function (Caiman, 1909). 

The so-called " ear " of Crustacea, really a statocyst 
or equilibrating organ, is a nnaU, usua% open sac placed, 
in typical cases, upon the basal joint of the first pair of 
antennae and having its inner stuface lined with sensory 
cdls of the kind described above, each of i^ch contains a 
nerve fibril. Within the cavity of the sac are a number of 
tiny sand-grains, the contact of which with the sensory hairs 
results in impulses beii^ transmitted along a nerve to the 
cerebral ganglia, from which messages are then sent out to 
the muscles. 

The antennules themsetvea are thou^t to be responsive 
to changes of a chemical nature in the surrounding water. 
In the case of the fresh-water crayfish the setx on the 
exc^KKlites of the antennules have been definitely shown to 
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have an oUactory function. If crabs and lobsters are observed 
in an aquarium, these antennules are often to be seen in 
rapid vibration.and this is especially the case when the animals 
have been moved from one place to another. The anteoote 
proper are obviously tactile in function. 

The eyes of Crustacea are of the well-known compound 
type, thought, until quite recently, to give only " mosaic " 
visi<»i. They are either stalked, as in crabs, duimps, and 
lobsters, or sessile, as in Isopods and Amphipods. 

The appearance in higher Crustacea of a perfected 
visual (image-forming) organ has meant a great addition 
to the mmiber and varied of elements capable of affctrding 
sensations (colour, form, etc.), and of entering into com- 
bination with one another to brii^ about a particular 
reaction or series of reactions. The &ct that such combina- 
tions are numerous, complex, and flexible (capable of being 
modified in a new environment), means that the behaviour 
tends to become less predictable and more " intelligent." 

An important point made by Bohn is that among a number 
of sensations acting in conjunction to produce a particular 
reaction, one may gradually acquire predominance and 
eventually become so important as to be sufficient in itsdf to 
produce the reaction. There is thtis a process of secondary 
simplification. But while this is an advantage in some 
cases, in others it may lead the animal astray. Thus, 
hermit crabs when seeking a Gasteropod shell tend to 
explore any round object, whether this possesses an aperture, 
ix. is of use to their purpose, or not. That is to say, among 
the many variable features which distii^uish shells the 
curved nature of the surfeice is the most essential and has 
so become the trigger which releases a whole series of 
reactions quite independendy of any other features which 
may be present, 

Ifflih'rw — The details of the nervous organisation of 
this phylum vary considerably in the different groups. 
Generally speaking, a series of paired cords innervate die 
chief organs (foot, mouth, and viscera) and theae are linked 
in the head region by circular commiaiures, and elsewhere 
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by a series of transverse commissurea. In view of the 
abundance of commumcation between cords and the maiming 
of the gang^ in the head region, one seems safe in *nwiniing 
that the nervoiu orgamsation of molluscs Is both well 
co-ordinated and subject to a fail degree of control. 

The sense organs of molltiscs show many features of 
interest. Sensory cells occur scattered over the whole 
surface of the body, which is thiu everywhere sensitive. 
These sensory cells are most numerous in the most e^osed 
parts such as the head tentacles of snails, the epipodial 
tentacles of Trockus, HaEotis, etc., and the pallial tentacles of 
bivalves, which are thus essentially tactile organs (Pelseneer, 
1906). 

Situated at the entrance to the mantle cavity in nearly 
all marine molluscs is an organ of smell or chemical sense 
called an osphradium, the function of which is, probably, 
to test the water before it passes over the gills. The osphra- 
dium has the form of a ridge or pit lined with epithelium 
and is said to be most h^;hly specialised in the carnivorous 
Gasteropods, particulariy the whelk {Buccinum undatum), 
in which species it is so huge as to resemble a gill. 

Otocysts occur in nearly all molluscs and have, broadly 
speaking, the same essential structure and functionB as those 
of Crustacea, except that they are more often closed than 
open. 

Visual organs in the molluscs show considerable diversity 
of structure. True cephalic eyes are characteristic of 
Gasteropods ; in nearly all bivalves, where the head region is 
hardly developed, they are replaced by analogous organs 
situated on the mantle. Eyes are absent from many marine 
forms which creep about wet sand, e^. BvUa, Sigaretus, 
Scaphander, PhtUne. In certain species, the eyes, though 
present, are covered by a layer of skin, e^. Doris and Natka, 
The cephaUc ^es of Gasteropods vary great^ in the d^^ee 
of their development. They are least developed in the 
limpet, where they are Uttle more than pits in the skin lined 
by pigmented and sensory cells. 

PalUal eyes show similar variation in their degree of 
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complexity. In their simplest fonn they are merely groups 
of pigmented cells situated on those parts of the body ivdiich 
can be protruded from the shell, that is to say, on the siphons 
(Pelseneer, Hoc. cit.). 

In some forms, a group of pigmented cells come into 
closer association, forming a compound or ^ceted eye, 
e^. Area and PectuttcuJus. In Pectm the pallial eyes are 
much more complex, and thdr structure is superficially 
not unlike that of &e vertebrate eye. They appear as 
shining black beads at the edges of the mantle and are very 
beautiful. The supposedly close resemblance between the 
eye of Pecten and that of Vertebrates has provided material 
for a considerable amount of discussion. According to 
Dakin (1912), however, any hypothesis founded on such 
a conclusion must necessarily be unsound, since there is 
no real structural or developmental resemblance between die 
two. The only feature common to the two types of eye is 
an inverted retina and this is by no means rare in the atdmal 
kingdom. These pallial eyes are with one exception (the 
near relative of a marine form) entirely absent from fresh- 
water bivalves and are most abundant in genera living between 
tide-marks, so that it has been suggested that they have arisen 
in response to the special needs of this area. Forms such 
as Soien, Mya, and Mactra, for instance, which live between 
tide-marks and are in the habit of protruding their siphons 
and sometimes part of their shells,are " manifestly very much 
at the mercy of their watchful enemies the gulls, and anything 
i^ch would enable them to apprehend the approach of 
their enemies would be greatly to their advantage." ^;ain, 
Pecten being a relatively active form and given to darting 
rapidly through the water, it is thought that the eyes may be 
of assistance to the animal in directing its movements so 
as to escape its enemies (Cooke, 1895). 



REACTIONS OP SHORE ANIMALS TO THEIR ENVIRONMBNT 

The envircmmental factors idiich have had most effect 
upon the behaviour of shore animals are : (1) light, 
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(2) moisture, (3) pressure or contact, and (4) gravity. These 
are obviously not peculiar to the sea-shore, but, owii^ to the 
tranffltional and fluctuating character of this area, th^ act 
and interact in a manner which is perfectly distinctive and 
hardly paralleled daewhere. 

lius, to cite an example, the behaviour of a periwinkle 
at a particular moment mih regard to %ht will depend upon 
the de^ee of hydration of its tissues, and in certain cases 
a complete reversal of the behaviour towards %ht may be 
brought about simply by placing the animal beneath a jet 
of water (Bohn, 1905). 

Hie Beacticm ol Shoie Animals to U^t — ^The import- 
ance of Ught to the life of the organism is emphasised by 
Benjamin Moore (1909), who says that " since the very 
existence of a living organism, eidier directly or indirecdy, 
is dependent upon the enei^ of Ught and &e transfonnation 
of dds into other types of energy, it is not surprising that 
reactions to light are among the most fundamental and most 
widely spread throughout the whole world of organised 
hring creatures. Such reactions must have been developed 
in ^e very beginning of the dawn of life when the first 
Uving cells commenced to synthesise organic products from 
the inot^;anic materials of the environment by the use of the 
store of enei^ from the sunlight. Later on, organisms 
arose which were only dependent upon the light at second 
hand, since they were able to consume the synthesised organic ' 
products fom^ by other organisms converting the Ught 
energy directly, and so were only indirectly dependent upon 
the li^t for their existence. Even for this type of organism, 
utilisii^ the light energy indirectly, reactions to light 
remained essential in the search for food and for other 
physiological functions, and also there would be an inherit- 
ance of relationships to light derived from the earlier 
ancestry with direct dependence upon light." 

" At a later stage structures or oi^ans arose specially 
adapted for light reactions, and in those Uving creatures 
possessing such organs there probably came a detericHHtion 
of the sensitiveness to light of the remaining cells of the 
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body. But in spite of all such decline in direct sensitive- 
ness to light there must have remained aome trace of this 
old primeval relationship to light." 

Many reactions to light almost certunly come under 
the head of tropisms. That is to say they are obligatory 
responses under the direct compulsion of an external 
stimulus : as when a moth flies into the flame of a candle. 

The key to this type of behaviour lies in the symmetrical 
structure of the animal, symmetrica] not only morphologi- 
cally, but physiologically as well, " inasmuch as under normal 
conditions the chemiotl constitution and the velocity of 
chemical reactions are the same for symmetrical elements 
of the body," e^. the sense organs (Loeb, 1918). When a 
sense organ of one side is stimulated and not the corre- 
spondii^ one of the other, as when light falls upon one of 
the eyes, ^e physiological symmetry of the brain is disturbed, 
and this disturbance being communicated to the muscles 
of the more illumined side they are thrown into a state of 
increased tension. The effect of this is to cause the animal 
to turn head and body until both eyes are equally illuminated, 
^en, the phyuological ^mmetry being restored, the animal 
proceeds in a stra^ht line towards the source of light. 
The term tropism is beat retained for the bending or 
growth movements of sedentary oi^anisms in response to 
external stimuli, irfiile we can apply the term taxis to die 
method of orientation displayed by freely-movii^ organisms. 
Thus we may speak of the heliotropism or phototropism 
of hydroids and tube-worms, and the phototaxis of a LiWmna 
or larval barnacle. This makes a convenient method of 
distinguishing between the responses of sedentary and 
motile organisms. 

An important feature of tropisms is that they may be 
modified or even completely reversed by changes in the 
external medium, or in the internal physiological condition 
of the animal, .^ain, an animal may be positively photo- 
taxic at one stage of its existence and n^atively so at another. 
The responses vary with the nature of the habitat : thus, 
Bohn (1908) finds that starfishes (Asterias rubens) from 
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rocky shores of the English Channel behave differently as 
regards hght from thoee which hve in sandy parts of the 
Arcachon basin. The former move away from the light 
into the shade ; the latter, since there are no shadows on a 
flat shore, remain stationary in phototropic posititms with 
the tips of the arms turned inwards in such a way as to 
protect them from the injurious influence of the direct 
solar rays. 

Similarly with periwinkles, the sign of the phototaxis may 
be reversed by the presence of moisture. Thus, when the 
rocks where Littorinas occur are reached by the waves, the 
aninial8,beingnegativelyphototaxic,are guided by the darkness 
to the deepest crannies where, of course, they find the 
greatest degree of shelter. At ebb-tide, when the water 
leaves the rocks, the animals leave their crevices and proceed 
towards the Ught among the wet algse where they find their 
nourishment. 

As we have already mentioned, a periwinkle which moves 
away from the light can be made positively phototaxic by 
the simple process of placing it under a jet of water (Bohn, 
op. ctV.). 

Bohn's numerous experiments with Littorinas would 
seem to leave very httle that is unpredictable in the behaviour 
of these molluscs. Thus, among other points, they are said 
to be attracted and repelled by stones and rocks, Uie extent 
of the influence of these objects being dependent upon their 
size and degree of illumination. 

Sedentary animals react to light much in the same way 
as plants do. Since they are inequable of moving their 
position they respond by growing or bending toWds the 
source of illumination. When, for instance, the Polychaet 
Spiragrapfm spaUanxanit with the tough but flexible tube 
in which it lives, is placed in an aquarium i^ch receives 
light from one side only, it is not long before the anterior 
end of the n^ole tube is raised by the worm until the axis 
of symmetry of the gills foces in the direction of the rays 
of l^^ht. llie animal retains this orientation as long as the 
direction of the light rays remains unaltered. If, now, the 
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aquarium is turned round through 180° so that the light 
enters its opposite end, the worm during the next day or 
two bends its tube in such a way that the axis of symmetry 
of its circle of gills is again in the direction of the rays 
of light. A similar response to light is shown by the 
hydroid Eudendrium. If, when the colony is brought 
into the aquarium, the old poljrps are cut off, the new 
polyps which are regenerated will bend towards the light in 
the same way as the tube-worm (Loeb, op. cit.). 

One must not fall into the error of assuming that all reac- 
tions to light are of the nature of tropisms. There is a 
forced character about a tropism which it is not difficult to 
test by experimental means. 

One important type of response which cannot be inter- 
preted in this way is that consequent on a brusque change 
in the intensi^ of a stimulus : as when a tube-worm retracts 
its tentacles under the influence of a sudden shadow. In 
the case of non-sedentary forms this reaction usually takes 
the form of an abrupt stoppage followed by a turning 
movement of 180", after which the animal continues its 
progress in a direction directly opposite to the one previously 
followed. This is what happens (in varying degree) when 
a positively phototazic animal reaches the limit of a shadow, 
or when an animal climbing up a slope encounters an abrupt 
change of gradient. The term applied to this type of 
reaction is " differential sensitivity." It has been much 
studied by Bohn (191 1), who regards it as of great importance. 
When acting in combination with tropisms, it gives an aspect 
of considerable compleziQr to the behaviour. For instance, 
an adult brittle-star does not move directly towards the area 
of shadow which it ultimately reaches, but the path it follows 
after the initial impulse is spent is frequently a tortuous 
Mie, and is governed by the attraction of the darkened area, 
acting in conjunction with the osdllations caused by varia- 
tions in the degree of illumination of the siufaccs the animal 
encounters. Actually, the movements of the animal are 
governed by a combination of three fectors : (i) the initial 
impulse resulting from the state immediately preceding the 
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behaviour in question ; (z) the impulse towards or away from 
the li^t (tropism) ; and (3) the turning or oscillatory impulse 
(differential sensitivity}. 

Keeble and Gamble(i904) have made a profound research 
into the effects of light on littoral Crustacea ; in particular 
Macromysis-, Hippolyte, and Palamon. 

Instead of becoming inured, these animals remain highly 
susceptible to the light conditions of their environment ; 
thus, light affects the amoimt of pigment in the chromato- 
phores, and its distribution in these structures, giving rise to 
changes of colour ; light affects the irritabihty of the organ- 
ism, forms like Hippofyte and Paicemm after remaining 
quiet all day being seized at night by a strange restlessness ; 
light influen<X8 the orientation and movements of various 
Crustacea, forcing them to assume particular attitudes and 
to move in a particular direction, and so on. 

The question of colour change is of particular interest. 
The changes of tint so often observed are brought about 
by the expansion and contraction of masses of pigment 
contained in irr^ularly shaped cells with numerous branched 
processes — the chromatophores (in Mysids the chro- 
matophores are multicellular structures, in PaUemm they 
are multinudear). On appropriate stimulation the pigment 
flows out into the branches in such a way diat what was a 
mere pin-point of pigment becomes spread out over a wide 
sur&ce, producing a change in coloration. More than 
one kind of pigment may be present in a chromatophore ; 
red, yellow, and blue pigments may occur together. The 
movements of the pigment may be either of the nature of a 
direct response to the light, or th^ may be modified by the 
action of the eye and nervous system. The direct response 
is a reaction to light intensity and is of an ephemeral nature, 
of no value for protection. The indirect response is deter- 
mined by bac^xnmd and is independent of variations of 
intensity. In contrast to the direct responses it is slow and 
lasting. 

B ea oM ona to Ibiutan. — ^The moisture conciitions of 
the shore are continually varying between the two extremes 
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rq>resent«d by high and low sprii^ tides. Within much 
narrower limits (owing to moisture-conserving arrai^emeots, 
etc.) the amount of water in the tissues of shore animals 
also varies, and since we know that water is of fundamental 
importance to vital processes, it is only to be ei^ected that 
its presence in varying quantity should have considerable 
effect on behaviour. We have already had evidence of this 
in the completely different phototaxic responses of Ijttorinas 
before the tide reaches diem and when it has just left 
them. 

Anna Dizewina (190S) has noticed that shore crabs 
(Carcimts mcenas) living under stones at the water's e<%e 
show a very definite response to the moisture ari^g from 
the sea, which may be r^arded as a kind of hydrotaxis. 

A shore crab placed on the ground 50, 100, or 200 metres 
from the water's edge invariably tends to make a direct 
line towards the sea, in spite of any obstacles it may encounter, 
and practically regardless of wind, shadows, and d^ee of 
slope. After rain, however, when moisture is rising from 
the ground as well as from the sea, this behaviour is no longer 
manifested. It b particularly evident among those crabs 
which live on a shore where die sea retreats a long way and 
where desiccation may be severe. 

In other habitats crabs do not behave in this way. For 
instance, those which live under stones near low-tide mark, 
and are in no danger of drought, exhibit this response either 
very slightly or not at all. The danger in this case is that 
of being carried away by the waves. At a certain point of 
the French coast (Gatteville lighthouse) the seaweed-clad 
rocks project far into the sea and are pounded by the waves. 
Numbers of crabs are found clinging to the weeds, and no 
sooner are they detached than they return to their original 
position. When placed upon a sandy beach, instead of 
proceeding towards the sea, they make for rodts covered 
with Fvcui, if these are near, or towards any large expanse 
of similar colour, in this case being guided, apparendy, 
by their powers of vision (Bohn, op. cit.). 

Beaottons to Fiewnn or Omtact— Certain animals 
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show a tendency to bring their bodies completely into contact 
with solid objects, and this is particularly marked in many 
shore creatures. One of the commonest shore Polychsts, 
Caratuba tentaculatus, always occurs beneath flat stones 
embedded in sandy mud, as much of the body as possible 
being kept in contact with the under side of the stone. When 
transferred to a dish of sea-water where there are no stones, 
the worm roams about restlessly. If a flat stone is now 
introduced into the dish the animal will be found, in a very 
short time, firmly ensconced beneath it and looking distinctly 
more comfortable (Flattely, 1916). Maxwell (quoted by 
Loeb, op. cit.) placed a number of specimens of Nereis in a 
porcelain dish devoid of sand, but contwiing glass tubes 
of varying sizes to correspond with the different sizes of the 
worms. After twen^-four hours eveiy tube was inhabited 
by a worm which had made it its permanent abode, not 
stirriog even when exposed to sunlight although this caused 
its death. This attraction or repulsion by solid surfaces is 
known as stereotropism or stereotaxis and is a phenomenon 
of great importance. 

N^ative stereotaxis is seen, according to Loeb, in the 
larvm of the barnacle at a certain stage and of other Crus- 
taceans. 

Different parts of the same organism may show different 
responses. It is in this way that Loeb accounts for the 
righting reactions of starfishes, etc., their ventral surface 
being positively phototropic, and their dorsal surface nega- 
tively so. That this phenomenon is quite distinct from 
geotropism is demonstrated by Loeb's observation that 
starfish will cling to soUd surfaces with their tube feet, 
even if by doing so their dorsal surface is turned towards the 
ground. 

Similarly, the stolons of hydroids mil cling to solid 
bodies, while their polyps bend and grow away at right 
aisles. The regenerating polyp of Titbtdaria mesembry- 
anthetnum, the stem of which is in contact with the glass 
»de of an aquarium, will grow out at right angles to the 
vertical wall (Loeb, op. cit.). 
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This stereotropism or stereotaxis is essentially an orienta- 
tion phenomenon and has its roots in the necessity for estab- 
lishing a balance of contact among the nerve endii^ at the 
sur&ce of the skin. It supplements the other two modes 
of orientation, viz. by means of light and gravitation. 
Stereotropic phenomena are nowhere of more importance 
than on the shore and one is led to speculate as to how 
far shore conditions, mth the influence of wave-shock and 
the neces^ty for keeping a firm hold on the substratum, may 
not have been instrumental in fostering this reaction. In 
other words, bearing in mind Wiltey's remail on the appar- 
ently fundamental nature of this reaction, is it too mudk to 
ask whether this particular lesson may not have been learnt 
on the shore ? 

Reactions fo OiavitT. — The upward growth of the plant 
shoot and the growth of the root in a diametrically opposite 
direction constitute the most obvious features of plant 
behaviour. In normal conditions this behaviour of root and 
stem remains unvaried and persists no matter in what way the 
plant may be oriented. The root is said to be positively 
geotropic, the shoot negatively geotropic. Behaviour of 
an exactly nmilar kind has now been demonstrated by Loeb 
and also by Miss Stevens for the hydroid Antenmdaria 
atOenmna. This is perhaps not surprising, when we con- 
^der the plant-like form of hydroids. The phenomenon, 
however, according to Loeb, is not confined to sedentary 
animals, but the burrowing and climbing movements of 
wormsandmolluscsareof thesamenature. Loeb justifies the 
application of the term " tropism " to the vertical movements 
of some animals by assuming that gravitation acts by influenc- 
ing' the distribution of certain chemical substances in the 
organism. When a plant or an animal is turned on its side 
or inverted the distribution of these substances is altered, 
and the physiolt^cal symmetry of the animal is destrc^ed. 
If a specimen of Cerianthu (a sea-anemone) is placed head 
downwards in a test tube filled with sea-water the tentacular 
portion will gradually turn upwards, and the base will turn 
downwards until eventually the normal orientation is reached 
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(Loeb, 1905). That contact stiinuli are not responable for 
this phenomenon has been demonstrated by the following 
experiment. A Cerianthu is placed upon a piece of wire 
nettii^ resting on the sides of a glass vessel in the aquarium. 
The animal gradually forces the base through one of the 
meshes until it is in a vertical portion with the tentacles 
upwards. If the piece of wire is now turned completely 
over, the animal does not pull itself out i^ain, but the foot 
near the tip turns vertically downwards until it reaches the 
wire net when it is again pushed through as far as possible. 
By reverang the wire net twice in this way a Cerianthm has 
been made to push its foot through the meshes three times 
(Loeb, op. cit.). 

Gravity is of fundamental importance in controlling the 
orientation of the organism in space, and it is supplemented, 
as we have seen, by Ught and by contact stimuli actii^ on 
the nerve endii^ of the skin (stereotropic phenomena). 
A great number of animals possess some form of organ 
which has the special function of securing equilibrium, 
viz. the statocysts of worms, crustaceans, and molluscs, 
and the ear (semicircular canals) of vertebrates. The 
stimuli leading to the maintenance of equilibrium are 
produced, in invertebrates, by the contact of small particles 
with the sensory cells lining the statocyst. The classical 
proof of this was afforded by Kreidt. It is well known that, 
vdien a crustacean moults, the lining of the statocyst is 
shed, it being simply intumed cuticle. At the same time the 
sand-grains are ^so got rid of, and must consequently be 
renewed by the animal itself. Kreidl placed specimens of 
Paiamon during the moult among a quantity of fine particles 
of iron, and these parricles, in default of anything more suitable, 
were evehtually transferred by the prawns to their statocysts. 
By the use of a magnet Kreidl was then able to overcome the 
force of gravitation and any inhibitory effect ot vision, and 
to orient the animal as he chose. 

Animals which are naturally devoid of otoliths, never- 
theless show geotropic phenomena. In addition to the case 
of hydroids, and of the anemone Cerianthu already quoted, 
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we may cite Uiat of the sea-cucumber Cucumaria cuatmit. 
When placed upon a vertical plate of glass or slate, the animal 
creeps upward until it reaches the highest level, where it 
remains. It is sufficient now to turn the glass through 
180° round an horizontal axis to induce the animal to move 
upwards once more, and this behaviour continues indeSoitely 
as long as the glass is rotated. It has been shown that this 
behaviour takes place independent^ of any influences of light 
and oz^en (Loeb, op. cit.). 

Bbyflunie Behavlonr on the Bbon.— The rhythmic 
nature of many biological phenomena has long been observed, 
and in analysing b^viour the effect of these periodicities 
must not be ignored (see Flattely, 1920). "Hiey play a 
particularly important part on the shore. The majority 
of shore animals are^ as Bohn points out, subjected to a 
double periodic influence, the rhythmic ebb and flow of the 
sea and the altematioD of day and night, to which they are 
constantly reacting. This is well seen in the case of Con- 
vohtta, a tiny dilated flat-worm v^ch occurs on flat sandy 
shores, such as those of Normandy and Brittany. 

The much discussed form, Convokiia roscoffetuis, is 
green in colour owing to the presence of unicellular green 
plants living widi it symbiotically. It occurs in immense 
colonies niiich appear, at low tide, as great patches of green 
scum about halfway down the shore. As the tide laps the 
edges of the colony the green patches disappear, the worms 
retreating below the surface and remaining there till the next 
ebb-tide. Twice during the twen^-four hours the zone 
occupied by the colonies is submei^cd and the animals live 
in darkness underground, and twice the zone is uncovered 
and the animals rise to the surface. The burrowing reaction 
is due to the neceseiQ' of avoiding extermination by wave- 
shock, the upward movement is determined by the presence 
of the algal cells and their light requirements. The worms 
thus show up-and-down movements synchronous with 
those (^ the tides, but in an inverse direction (see Keeble, 
1910). 

This constant reaction to the tidal rhythm has had a 
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profound effect upon the functions of the organism, the 
movements persisting even when the external stimuli have 
been suppressed. When Convolutas taken directly from 
their normal habitat are placed in moist sand in a tube, the 
up-and-down movements continue to take place at the 
periods corresponding to those of the animals' emergence and 
submergence on the shore. Not only this, but the variatioos 
of the tide are closely followed by the Convolutas m the 
aquarium, the movements being more sluggish during 
neaps and more rapid at springs (Bohn, 1910). A similar 
phenomenon can be observed in periwinkles which have 
been exposed to the tidal rhythm. 

Inert periwinkles, even in a diy envirooment, can be 
reactivated by shaking ; but, according to Bohn (1905), 
if a cdlection of these molluscs has been taken from die 
shore and isolated for a certain time in the laboratory, it 
is easily demonstrated that, at periods of low tide, one has 
to shake much longer to produce the reactivation than vfhea 
the tide is out ; that is to say, the periods of inertia in the 
laboratory correspond to the periods of desiccation on the 
shore. 

The impress of the ectemal rhythm on the organism is, 
of course, not permanent but gradually weakens with the 
passage of time. 

Certain of the colour changes of shore Crustacea to which 
reference has already been made, have been shown to be of 
a rhythmic character. The colour of the ^sop prawn 
{Hi^olyte variam) a dependent on three pigments, and 
during the day varies greatly according to the nature of the 
background, intensity of illumination, and certain other 
influences. At nightfall, however, the colour of Hippolyte, 
whatever it may happen to be at the moment, changes to a 
transparent azure blue, the place of this blue colour being 
taken at daybreak by the prawn's diurnal tint or tints 
(Keeble and Gamble, loc. at.). The animal thus exhibits 
rhythmic colour change corresponding to the transition from 
light to darkness and vice vena. 
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SOME CHARACTERISTIC ACnviTIES OP SHORE FORMS FROM 
THE STANDPOINT OF BEHAVIOUR 

Certain cbaracterisdc acdnties of shore forms to niiich 
we have ' referred akeady in other connections deserve 
further study from the standpoint of behaviour. They 
are : the construction of tubes by Foljrchsets, and similar 
activities ; the occupation of molluscan shells by hermit 
crabs ; and the masking of spider crabs. 

Tabe-bnOdlng in Fcdychsata. — ^Many marine worms are 
adapted to living in tubes of their own construcdoo. Most 
frequently, the tubes are formed of particles of sand, mud, 
or similar material collected by the tentacles and cemented 
in position by a substance secreted by the body. The 
accuracy with which these particles are fitted and the 
symmetrical and finished appearance of the tubes are 
often extraordinarily fine. What is equally wonderful 
is that out of a heterogeneous mass of material at the 
disposal of the worm only fragments of one particular 
kind are selected and employed. What interpretation is 
to be placed upon the behaviour is, in the absence of careful 
experiments, not apparent. The tendency is, peiiiaps, 
without sufficient evidence, to postulate intelUgence. Thus, a 
case of what is described as " apparent intelligence " has 
been observed in Terehella amchUega (Watson, 1916). 
One of these wonns, with the combined effort of several 
tentacles, was observed to be lifting to the edge of its tube 
a piece of gravel too large to enter the opening. It appeared 
to the observer that the stone was too lai^, and that when 
placed on the edge of the tube it must necessarily ^1 off, as 
the cement suppHed by the animal's lips would be too weak 
to hold it in position. However, the stone in due time reached 
the edge of the tube, held by several tentacles ; the worm 
then emerged to receive it and with its lips grasped as much 
of the stone as they would cover, and ihsn rested it upon 
the edge of the tube. The observer then expected to see 
it fidl, but it was kept in place by the tentacles which were 
now passed around it. A supply of small gr^ns of sand 
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havii^ been emptied into the lips by other tentacles the 
head was extruded and the sand-giains deposited, mixed 
with cement, out^de and just underneath the stone. A fi^h 
lot of sand-grains was then brought up in the same way and 
deporited beneath the stone on the other aide. The tentacles 
then released their hold, the stone having been " scientifically 
supported and securely fixed in position with all the skill 
of a professional builder." The danger of attributing the 
term " intelligent " to these complex and very lema^able 
activities is seen when we reflect that woikmanship of an 
equally wonderful kind is displayed by such lowly forms as 
the Foraminifera in the construction of their shells. These 
pick out th^ materials in exactly the same way as do the 
tube-worms and put them tt^ether in a manner which is 
even more remarkable. Thus, from an enormously varied 
mass of material TechmUUa thompsom picks out only the 
plates of an Echinoderm, and specimens of Crithotma 
pisum, which are exposed to being bored by parasitic worms, 
will sometimes protect themselves mth a " chevaux-de- 
frise " of sponge spicules. Heron-Allen (1915), who has 
brought to light a munber of very striking examples of this 
kind, sees in them illustrations of " purposive intelligence." 
In critid^g this interpretation, Lankester (1916) remarks 
that he finds no great difficulty in conceiving of a mechanism 
in the protoplasm of the Protozoa which selects and rejects 
building material, and determines the shape of the structures 
built, comparable with that mechanism ^lich is assumed to 
exist in the nervous system of insects and other animala 
vidiich " automatically " go through wonderfully elaborate 
series of complicated actions. Darwin and others have attri- 
buted the building up of these inherited mechanisms to 
the age-long action of Natural Selection and the survival of 
those individuals possessing quaUties or tricks of life-«avisg 
value. Lankester, therefore, disagrees with Heron Allen's 
opinion that the architectiural and selective phenomena 
exhibited by Foraminifera have no relation to adiq>tation 
and tropisms. On the contrary, they are not only closely 
related to such phenomena, but are of the same nature. 
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These activities of Foraminifent and tube-wonns are 
" instinctive " in the sense that they are displayed indepen- 
dently of experience and in equal measure by all the members 
of a particular group, but the use of this term leads us no 
nearer an understanding of the mechanism underlying 
them. 

The nest of the stickleback as a piece of workmanship 
is of a conuderably lower order than diat represented by thie 
sheU, let us say, of the Foraminiferan MarsipeUa spirals 
(in which the spicules are twisted into a left-handed spiral, 
so increasing the strength of the shell) or the tube of Ampkic- 
tene (see p. 103), but the behaviour of the stickleback 
may well be on a higher level notwithstanding. For the 
form of the Polychst tube follows closely that of the body, 
and direct stimuli of contact, pressure, and so on, are possibly 
of importance in detennioing the placing together of the 
grains. The nest-buildii^ of the stickleback, on the other 
hand, like that of birds, involves a much more diverse series 
of operations : active search for the proper weeds, removing 
them when found, weaving them together and secuiii^ them 
with threads of mucus and so on. 

Oooapatiai (d Oasiaropod Sbelb ^u Hermit Otalia, — 
Not only does the hermit crab require to gain admittance 
into a univalve shell when it first becomes adult, but as it 
increases in size, larger shelters have to be looked for. 
The question therefore arises as to what extent hennit 
crabs may be said to " recognise " the shells likely to prove 
suitable for them, and by what means this recognition is 
accomplished 7 

According to Bohn (1910), a hennit crab in the task of 
finding a suitable shell is aided, not by its powers of vision, 
but by an extraordinarily well-developed tactile sense. No 
socmer does one of the crab's limbs chance to come in contact 
with a shell than the crab at once applies its body to it with 
the head downwards and, getting a support for the chelae 
on the lower part of the shell, causes Ae latter to rotate so 
as to bring ibe orifice into a convenient position. The 
animal then sounds the orifice with its chelte and eventually 
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turns round and inserts its abdomen. The ^ole sequence 
of movements is, according to this writer, invariable, and 
its unintelligent nature is proved by the way in which hermit 
crabs will explore a small wooden ball or practically any 
convex surface exactly as they do Gastropod shells. 

The experiments of Drzewina (quoted by Bohn, op. cit.) 
shed further tight on the behaviour of these forms. Hermit 
crabs deprived of their protection were placed in the presence 
of Trochus shells the mouths of which had been completdy 
closed with plaster. For a considerable time the cral» 
endeavoured to obtain an entry, but without success. 
Gradually, however, they became indifferent towards the 
shells and a week or so after the beginning of the experiment 
took no further notice on chancing to come into contact with 
them, but simply climbed over them or pushed them to one 
ude. When, now, shells of another kind and shape were 
placed in the aquarium with their openings also plastered 
up, the crabs, on encounterii^ them, at once set about 
exploring them actively and systematically, turning them 
round and continually endeavouring to introduce their 
forceps into the orifice and pulling away pieces of plaster. 
From these experiments Drzewina concludes that the 
behaviour of hermit crabs is modifiable by previous expe- 
rience, and further that hermit crabs are able, by means of 
thdr tactile sensitivity, to discriminate between different 
forms. In fairness, it must be pointed out that the results 
of Drzewina's experiments tend to show that the behaviour 
of hermit crabs is less mechanical than Bohn would, peihaps, 
lead us to believe. While our own attitude towanls these 
problems is admittedly a sceptical one, we are anxious to 
avoid doing injustice to facts. 

MasUng of Spldw Cnte.— The habit which spider- 
crabs have of planting out their backs with pieces of weed, 
hydroid, and so on, has already been referred to from the 
point of view of its significance in the shore struggle. The 
habit seems to be most highly perfected in species of Dromia, 
which make use of the Lammarian seaweed among which 
they live. IHeces of the weed are cut off with the forceps 
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and placed upon the back by means of the modified last 
pair of thoracic legs. If the piece of weed is too b^ and 
sticks out over the edges of the carapace the crab removes 
it, cuts a piece off and replaces it. This behaviour, in spite 
of its apparently intelligent appearance, is said to be of a 
more or less automatic nature (a statement which those who 
have witnessed the performance will have difficulty in beUev- 
tng) and to continue unaffected even when the eyes are 
removed or the brain destroyed (Bohn, op. cit.). Equally 
interesting is the way in which a crab covered with algae 
of a particular colour tends to make for the environment 
which is most in harmony with it, a fact brought out by 
Aurivilius and later by Mienckemecz. The nearest we can 
get to an explanation of these activities at present is to say, 
with Bohn, that the masking habit of crabs is a complex of 
activities in which, in addition to differential sensitivity, 
associative phenomena play a part (see p. 227). 
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CHAPTER XII 

The Reproduction and Growth of Shore Animals 

To a certain «rtent the eggs and larvae of shore animals 
are raiposed to the same dai^ers as those which beset the 
adults. There is this difference, however, to be borne in 
mind, that inasmuch as the larva of most shore animals, 
and often the eggs themselveSi are pelagic organisms, th^ 
become for a period exempt from ihe influence of Actors 
normally associated with shore life. Reproduction on the 
shore thus involves the double problem as to how the young 
animal is to be launched, and how, later on, if the larva 
is pelagic, it can obtain a footing in an environment similar 
to that of its parents ? Speaking generally, the chief risks 
which beset the eggs and htrvs of shore animals may be 
enumerated as follows : (a) stranding on the shore or being 
swept out to sea (eggs and larvae) ; (b) desiccation at low 
tide (eggs) ; (c) varying character of the environment : 
tides, fluctuating temperature, etc. ; (<j) predaceous animals 
(eggs and larvae) ; (e) failuie to obtain a foothold (larvs). 

Adhesive Spawn— Fiotective CoveringB.— So far as the 
eggs are concerned, the danger of stranding is &«quendy 
avoided by the firm way in which they are attached to roc^, 
weeds, stones, empty molluscan shells, etc. Frequently, 
the spavm is deposited in flat, adhesive masses surrounded by 
gelatinous material (e.g. Nudibranchs). Or the embryos 
may be surroimded by a stout, homy capsule which is 
attached by a stalk (viz. many Gasteropoda). The ova of 
many Polychart worms (e^. PfyUodoce) are enclosed in 
globular gelatinous envelopes which are moored by a long 
strand of mucus (see Fig. i8). 
a«6 
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EQion Fmu wifli Faligla Lams. — ^A question ^diich 
can hardly fail to exercise the minds of those studying the 
reproduction of shore flm'maU is, how does it come about 
that while, apparently, pelagic larvc are continually being 
driven and iUspersed over vast areas, the adult forms are 
invariably restricted to constant and definite portions of 
the shore ? According to LiO Bianco (1909), the answer to 
this question lies in ^e way in which die reactions of the 
larvae towards the light are related to the periodic drculation 
of coastal water and in particular to those coastmse currents 
which, owii^ to the wealth of peU^c forms th^ contain, 
are known as zoo-currents. 

During the day, the larvse of such typically shore forms 
as Sycon, Balama, Eckhms, Ascidea, Amphioxus, etc., owii^ 
to thdr strong positive phototropism, occupy the sur&ce 
layers of the sea (" phaoplanktonic ") ; whereas at night, owii^ 
to the absence of light stimulus, tiiey may be found occu- 
pying a zone extending from the surface to a depth of 
several metres ("knephoplanktonic "). Now.asis well known, 
owing to the unequal heating of land and sea by the sun, 
the general direction of the wind durii^ the day is on-shore 
(sea-breeze), while at night it is in the oppoute direction 
(land-breeze). Consequentiy, during the day, the larvte 
which occur at the surface are driven towards the coast 
where they are caught in the littoral currents already referred 
to. On completing their metamorphosis the youi^ animals 
drop to the bottom and, beii^ still positively phototropic, 
are guided to their final habitat in the tidal area. The 
difference in the degree of senaitiveness to light determines 
why, for instance, a form like Arhacia pustuhsa finds its 
final habitat amoi^ the rocks in a few feet of water, while 
Echimis micrQtuberadatus is led towards the deeper water and 
its typical habitat among the " meadows " of Posidoma. 

Generally speakii^, larval forms which are negatively 
phototropic undergo their development in the middle waters 
or knephophuiktonic zone, while positively phototropic 
forms develop in the suriace waters or phaoplanktonic zone. 

It is thus evident that the survival of shore forms with 



b, Google 



248 THE BIOLOGY OF THE SEA-SHORE 

pelagic larvs is not so fortuitous a matter as ooe miglit 
suppose. The risks, it is true, in spite of adaptive phenomena 
are still formidable, but against this we may place the 
fecundity of such fonns and the &ct that the larvae are 
usually hatched at the season of calms. 

FtaoM nlscted lot Spainims.— The risk of desiccation 
is countered, in the case of eggs fixed to the substratum 
within the tidal area, by the fact that such e^s are usually 
surrounded by a protective gelatinous envelope or, in the 
case of embryos, by a homy capsule. Fronds of algse are 
favourite places for the deposit of such spawn, the weed 
lending its moisture and protecting the e^s from eVE^ration. 
Forms in which fertilisation is eztemat (e.g. most Annelids) 
may liberate their reproductive products in shore pools at 
low tide. Where the spawn is deposited on the substratum 
the place selected is almost invariably some sheltered cranny 
or nook formed at the junction of rocks, by a fault in the 
rock itself or by an overhanging ledge. Often the spawn is 
so abundant as to suggest the term " nursery " for such 
nooks. 

Abundant use is made of the protection for the ova and 
developii^ young offered by the empty shells of molluscs, 
the empty cups of barnacles, etc. Empty barnacle shells 
frequently contain numerous tiny Littorinas. The larva 
of MytUus eduUs may invade tiie empty air vesicles of 
AxcophyVum, occasioning a protective reaction of the plant 
(Tobler, 1909). The roots of Ltzmmzna afford similar shelter 
for tiny mussels and numerous other youi^ forms. 

Adjustment tA lite Grde. — In view of the many vicissi- 
tudes of shore life and the variable character of this environ- 
ment generally, it is not surprising to find on the shore 
numerous adjustments of the individual life cycle. For 
instance, Lo Bianco (1911) finds that the species in the Gulf 
of N^les which live continuously exposed to wave-shock 
spawn almost invariably at the season of calms (or during 
the warmest months of the year), or otherwise the tarvse 
would not survive. The small minority which form an 
exception to this rule, spawnii^ in winter and spring 
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(Atterina, Murex, Bletmius, etc.). fix their eggi securely 
to the rocks aod protect them by a capsule. The shallow 
and st^nant waters of harbours, which are subject to intense 
putrefection and excessive heating, especially in summer, 
are populated by spedes which mosdy reproduce in winter 
and spring ; audi commensal and parasitic species as lire 
in an unvarying medium lay their eggs at every season. 
Certain Hydroids (Pemaria, Corydendrmm) shed their 
polyps and enter into a state of latent life when the autumn 
storms come on, givii^ off new branches and developing 
fresh polyps in the following May. Lo Bianco interprets 
this aa a protection against wave action, but Issel (1918) 
thinks other fticton : temperature, denaity, food, axe 
concerned as well. 

Of the several species of Littorma which are found on 
the shore L. Uttorea, which occurs nearest to low-water 
mark, deposits its ova in small capsules, shaped like a soldier's 
tin hat. They are not attached. The embryo is freed as an 
early veliger. But the larvte of L. obttaaia, which occurs at 
about half-tide mark, are freed as second sta^ veligers, while 
L. ntdis and L. neritoides, the latter of which lives actually 
above high-water mark, are viviparous (Tattersall, 1909). 
The importance of this is clear. As one proceeds up tbe 
shore the periods of drought become longer and the ri^ to 
a free-swimming larva considerably greater. Consequently, 
there is a tendenqr to abbreviate the free-swimming sti^ 
and even to cut it out altogether. Again, the Nudibranch 
Cema, which frequents brackish estuaries and even possesses 
to a limited extent the habit of leaving the water, has an 
abnormal development which takes place within the eggs 
(Eliot, 1910). 

An analogous case is that of the viviparous blenny 
(Zoarca vtviparm) whose habits are in marked contrast to 
those of other shore-frequenting fish. Instead of depositing 
demersal eggs in spring or summer, like most shore fishes, 
this species of blenny produces well-developed living young 
in winter (Aflalo, 1904). According to M'Intosh (1901), an 
adult female may produce from 40 to 70 living youi^ capable 
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of at oQce taking shelter under stones, shells, etc., snd of 
fending for themselves. 

As has bem already noted, shore Crustacea retire to 
deeper water to spawn, probably because the temperature 
becomes more stable with increa^ng depth. 

The tidal rhythm has in several cases had a profound 
effect on the timing of the life-cycle. This is well seen in 
Convobita roscoffentis, the dny ciliated Planarian worm con- 
taining green symbiotic algae which we have mentioned as 
living in large colonies on the sandy shores of Normandy 
and Brittany, just at the level reached by high water at 
the sUckeat of neap tides. We have already seen (p. 239) 
that with the onset of the tide the patches disappear 
as the animals retreat beneath the surface till the next 
ebb-tide. Twice each day, for a period of six hours, the 
animals live underground, and twice they rise to the surface 
and remain there for a similar period. These vertical 
movements are imposed on the animal, the burrowing 
reaction being due to wave-shock and the upward move- 
ment to the influence of light in relation to the symbiotic 
alg«. Now, it so happens that at Roscoff io the summer the 
low water of spring tides falls at midday and midnight, and 
consequently when the Convoluta zone is uncovered for 
the second time, the animals in the absence of light are not 
obliged to come to the surfece. It is predsely at this period, 
whnk the worms are able to remain below the aand for the 
longest possible time, viz. eighteen hours at a stretdi, that 
egg-layii^, as observed at Roscoff, reaches its maximum 
(Keeble, 1910). 

Perhaps a still more striking example of a similar pheno- 
menon is afforded by the " Gnuiion " {Leuresthetus temat), 
a small smeh about 5$ to 6} inches long occurring on the 
sandy shores of California. On moonlight nights durii^ the 
big tides of March, April, May, and June — on the 2nd, 3rd, 
and 4th nights after full moon, very shortly after high tide, 
to be exact — the Grunion comes in with the sweep of the 
water and, as the waves break, Ues for a moment, squirms 
and drops back into the wash of the next wave. Crowds of 
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people assemble to pick up these fish by moonlight, bonfire, 
and flashli^t, using various methods : band, wire screens, 
sdnes, etc. During the run thousands of fish may be 
visible at one time ; their purpose is spawning. Male 
and female burrow together at the wave margin and pair. 
The eggs are laid in small masses or " pods " 3} inches 
below the surface at a point far above the limit of an average 
tide. They are even preyed upon by an Histerid beede I 
The ova, which are protected by capsules, are very resistant 
to desiccation. Ten days after the commencement of 
spawnii^ and one day before the first of the next hi^ tides, 
^e eg^ are washed out of the sand, hatch immediately, 
and the larvae are free to escape into the surf. Though 
errors of adaptation may occur, the whole procedure is 
evidently wonderfully synchronised and adjusted so as to 
allow the fish to lay their, eggs on what is little less than 
" terra firma." The " runs " of fish begin at about the turn 
of the tide and continue for about an hour ; the eggs are thus 
laid as the water-line has reached its hi^iest limit and in a 
region which is out of reach of the succeeding tides. Eggs 
laid an hour too early would get washed out again. Udes 
accompanying the dark of the moon are always very much 
h^er than diose of the full moon, and therefore uncover 
all the eggs laid at the previous spring tide. If spawning 
took place at the new moon, the eggs would have to wait 
a month before batching out, with correspondingly greater 
ri^ from enemies and desiccation, etc. Eggs, however, 
thou^ on the point of hatching, are capable of lying quiescent 
without harm for an additiomd fortnight if circumstances 
make it necessary (Thompson and Thompson, 1919}. 

As a final illustration of periodicity on the sea-shore we 
have the remarkable facts elucidated by Lloyd-Williams 
(1905) with r^iard to the alga Dictyota. In this seaweed 
the successive crops of sex cells are initiated, matured and 
discharged within the space of a fwtnight, and the course 
of their development Is governed by the time and height 
of the tides. Consequently, a knowledge of the tides at 
any given spot will enable one to predict almost the precise 
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moment in the fortnight at which the sex cells will be set 
free. 

Cm ol EgKS 1i7 Parents.— The eggs of shore species 
are not always deposited at haphazard, but are frequently, 
after extrusion, the object of special attention on the part of 
the parents. This phenomenon, thoi^h not confined to 
the shore, is yet very characteristic of it. Obviously, the 
danger from which the ^gs are protected by this habit 
lies in the attacks of predaceous animals rather than in 
physical factors. As r^ards the latter, as we have seen, 
the method of telescoping the life - history is more 
likdy to secure survival. In most of the fuiUliar species 
of Crustacea, the eg^, until the time of hatching, remain 
attached to the female after extrusion, either stored in sacs 
at the side of the body (Copepods), or attached by a 
sticky secretion to the numerous hairs on the abdominal 
swimmerets (Decapoda, Amphipoda, laopoda). In this 
position they are kept constantly aerated by the paddle- 
like movements of these appendages. A similar habit is 
found in the Pycnogonida, but here, curiously enough, it 
is the male animal that carries the eggs, the latter being 
transferred from tbe female after extnmon to a pair of spedal 
appendages (ovigerous legs) present in the male. It is, 
however, amoi^ shore fishes that the clearest cases of 
parental care are found, and here, too, it is almoet always the 
male n4uch assumes charge of the ova. 

In many shore fishes the e^s remain in the care of one 
or both of the parents during the period between deposition 
and hatching. In some cases the female dies after spawnii^, 
and thus the male becomes parental. There is no reason to 
read human nature into the conduct of the fish on such 
occa^ona. On the other band, that the presence of ^e 
parent in the vicini^ of the c^s is not merely fortuitous 
is proved by the persistence with which the fish remains at 
its post, even under conditions of considerable discomfort. 
M'Intosh (1886) has described the behaviour (^ a male 
" lumpsucker " {Cyclopttnis) which was observed at St. 
Andrews, about the middle of May, lying in a broad runlet 
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with its bead close to a mass of ova placed on the seaward 
edge of a stones close to low-water mark. The stream of 
water at low tide was not sufficient to float the fish, vHuch 
accordingly had to lie on its side for a considerable period 
twice daily, under a warm sun, with the upper portion of 
its gill region out of water. The animal, however, was 
oriented in such a way that the current of the runlet flowed 
directly into its mouth, and thus, notwithstanding a slight 
acceleration of the action of heart and gill-apparatus, 
sufficient aeration was obtained. In this position the fish 
was observed at low tide for a period of five or sis weeks. 
When, on one occasion, it was removed a couple of yards 
from the egga and placed upon a stone it wriggled actively 
into the water, at once rushed to the ova and assumed its 
former position with the snout almost touching the eggs. 
The same ensued when the fi^ was placed in the runlet at 
a somewhat greater distance. M'Intosh states that the 
solicitude of the males for the ova which they have under 
charge was further illustrated by the occurrence early in 
May of a heavy sea, which swept masses of ova from their 
positions all along the rodss. As soon as the water became 
calm again " numerous anxious males, like ' pilgrims,' 
were seen by the laboratory attendant (who had been familiar 
with the sites) seeking for their lost charges. Many of 
these masses of eggs were found on the beach, so that the 
statement is probable." 

Not iofrequentiy the shore collector wUl find a mass of 
^gs, about the size of a walnut, closely invested by the body 
of the male butterfish or gunnel {Centronotus gumuUiu) (see 
Fig. 15). Storrow (1915) has observed the behaviour oif one 
of these fishes, which was found beneath a stone in an inch 
and a half of water with another gunnel dose by. When 
the ova were moved three inches the fish followed and 
again coiled round them and, although touched, refused to 
move. Eventually it had to be pushed into deeper 
water. Meanvdiile, the second fish coiled round the ^gs 
and did so !^^ even after they were removed two feet. 
The ^gs vitsxt on the point of hatching. Elmhirst (1915) 
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has watched the spawning of Cottiit bubaSM in tanks at the 
Millport Biological Station. At the end of Janiiary a female 
was seen to deposit her eggs on a sttHie. They were then 
fertilised by the male ^o never went more than a few inches 
away for five or six weeks. Dnrii^ this time no other male 
was tolerated in the nei^bourhood of the stone. Later 
on, a second female spawned on the same stone and the ^gs 



FlO. IS- — ButteiGrh (Centronotut giamdbit) piovcting tg^. 

were fertilised. The male was brilliantly coloured and 
swam about excitedly during fertilisation, several times 
darting at the female and half engulfing her head in his 
mouth. Still later a third female laid her eggs on the same 
stone. All three died a few days after q>awning. 

In connection with the care of the ova as practised by 
members of the genus Cotius a case of an interesting kind has 
been recorded by Meek (1915), in which an immature female 
of one species (C. bubalis), in a tank, assumed guard over 
the eggs deposited by a female of a related species (C. 
scorpius). Apart from this, and from the nest-buildii^ 
forms which we are now about to discuss, other records of 



b, Google 



REPRODUCTION AND GROWTH 255 

parental care on the part of shore fishes are on the same lines. 
In all there is the evidence of some powerful stimulus 
operating on the parent to keep it in touch with the 
eggs. 

As to how (or the presence of the parent is operative in 
warding off enemies it is not always easy to pronounce. 
Probably in most cases the habit is concerned rather with the 
necessity for keeping the eggs aerated than with active 
protection. The male lumpsucker, for instance, has been 
observed to keep up a continual motion of the pectoral 
fins and so maintain a steady flow of water about the eggs, 
which are laid in such lai^ masses that, without this atten- 
tion, the central ones might, in still water, easily be asphyxi- 
ated. Against this, however, we may place the case of the 
stickleback which shows itself very active in defence of the 
^gs, and will boldly attack any intruder however much 
stro!^er than itself. 

Hest*1itii]diDg. — ^The habit of nest-building found in the 
fresh-water stickleback and its marine relative the fifteen- 
spined form as well as in other less ^miliar shore fishes, 
evidently rq>resents an elaboration of the habits described 
above. According to Couch (1S77), the nests of the fifteen- 
spined stickleback are placed in sheltered situations where 
there is ample circulation of pure water without violent 
wave action. The nests may occur hangii^ in rock pools 
and not infrequently between tide-marks where the moisture 
of the materids is apparently sufficient to protect the grains 
of spawn from drought. While sometimes making use of 
the materials found growing on the spot selected, the fish 
has also been observed to collect some of the softer kinds 
of green or red seaweeds and to join them together with so 
much of the coralline tufia growing on the rocks as will 
afford firmness to the structure and constitute a pear-shaped 
mass five or six inches long, about the size of a man's fist. 
The whole structure is held together by a network of threads 
formed of mucus secreted by the fish, and there is evidence 
of considerable ^ill in the way in which these threads are 
interwoven throughjthe weeds (see Fig. 16). After the ova, 
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■which are of a bright amber colour, are depomted, the male 



remains in attendance on the nest for a period of four to 
five wedu until the young are able to fend for themselves. 
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Any damage to the nest is at once repaired. If compelled to 
retreat by the falling tide the fish returns as soon as the way is 
open. 

Another interesting nestii^ form Is the so-called " kelp- 
fish " {Heterotrichus rostrata), occurring among the great 
kelp beds of the shores of S. Carolina, the nest of which has 
been described by Holder (1907). The fish usually resembles 
very closely the seaweed on which it lives, except during the 
breeding season, when the colour of the male becomes much 
more vivid. A female, in captivity, was seen to examine a 
bunch of seaweed, pushing her way through it, and passing 
many times round it, depositing as she went a pure white 
viscid cord, which clung to the branches and on which were 
many small white e^s. Then, while the female rested, her 
mate mounted guard. The whole nest took two hours to 
complete and formed a globular ^lite mass about the size 
of a hen's ^g. 

We will now go on to consider the breeding habits of some 
of the commoner shore species, beginning with sponges and 
taktog each of the more familiar groups in turn. Before 
doing so, however, it is necessary to emphasise the many 
gaps in our knowledge of the reproductive habits of even the 
commonest shore species. Notwithstanding, for instance, 
the multitude of Polyclueta occurring on the shore, it is 
only in very few cases that the spawn of these forms, even 
when quite conspicuous, has been identtGed with certainty. 
Again, it is only recently (1920) that Tattersall has cleared 
up a long-standing mistake widi r^ard to the spawning of 
the common periwinkle {Littorina littorea), showing that 
the ^gs of this species have long been confounded with 
those of L. (Atusata. Orton has obtained valuable data 
on the growth rate of a number of marine invertebrates 
by means of immersing various objects in the sea 
and subsequendy observing and collectii^ the various 
kinds of animals growing on them, but it is evident that 
this is an aspect of shore life which should well repay 
further study. 
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BREEDING AND GROWTH OF SOME COMMON SHORB FORMS 

Porifera. — Sponges rq>roduce both sexually by means of 
ova and ■permatozoa and asexually by one of three methods, 
viz. budding, gemmulation, and formation of asexual larve. 
In the former case the genital products are found in all stages 
in the middle gelatinous layer or mesoglcea. According to 
Dendy, in HaUchondria pamcea the eggs are fertilised in the 
inhalant canals ^^ther they migrate by amaboid movements 
and where they become suspended by means of a peduncle. 
The free-swimming larvie : minute, oval, ciliated bodies, 
escape by the osculum. An asexual bud is simply a portion of 
the parent wall containing the usual three tissue layers wtuch, 
originating as a small projection, eventually becomes pinched 
off, floats away, and after fixation gives rise to a new indi- 
vidual. In the simplest sponges the bud is merely one of 
the Ascon tubes which becomes pinched off and so Uberated. 
In LeucosoUnia botryoidei the free, distal end of the bud, 
instead of becoming the osculum as might be expected, 
forms the base of the youi^ sponge, the osculum being formed 
where the bud is constricted from the parent. 

In Oscarella lobularis the buds are transparent floating 
bladders, their vesicular nature being regarded aa adq>tive, 
as it lessens their specific gravity and enables them to float 
to a distance from die parent. 

Gemmulation is familiar from the well-known case of 
Spongiila where it is a means of ensuring survival in variable 
fresh-water conditions, gemmules, like spores, being remarit- 
able for their powers of resistance to adverse surroundings. 
Gemmules very similsr to those of SpmgiUa are known in a 
few marine sponges, especially in Suberites and in Ftcuima. 

In the HexactinelUda, which are deep-sea forms and 
consequently do not concern us here, the place of sonially 
produced larvse is taken by bodies of similar origin to gem- 
mtiles, but of structure practically identical with that of the 
larva developed from the fertihsed egg. The occurrence 
of these asexual larvte may be associated with the difficulties 
of life in the depths (see Sollas, 1909). 
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__^ ja Um of atatfiah {Aiteriat nJteia) ; 4, Naupliiia larva of bantack ; 

9, 6, Zona and nwfialopa atase of common abore crab (after WilliamMn) ; 
7, Phjrlloaoma larva (gla i a crab) of apin^r crayfish ; 8, Vdiger of periwinkle, 
LitUrma Hturmt (aftet Tattanall) i 9, Youog flounder. 



b, Google 



a6o THE BIOLOGY OF THE SEA-SHORE 

At Plymouth, •^ycoii coronation, Grantia compretsa, and 
Leuauolaiia sp. were found to be annual by Oiton (1914}. 
This has been ccmfinned by Dendy for G. eompreua. 
Accordii^ to Orton, there are two breeding seasons at 
Plymouth, summer and late autumn, and there is evidence 
ttuit the same individuals may breed twice : once in late 
summer and again in the summer foUowing, after niiich 
they die down. Growth continues through the winter and 
temperature appears to be the main &ctor in reproduction. 

With regard to the growth rate, an exceptionally fine 
specimen of Sycon coronatum attained a length of more than 
2S cms. with an average width of about 2'2 cms. during a 
period extending from July to the foUowii^ May. Between 
June and the foUowing January a colony of HaUchondria 
ptmkea grew, on a flat surfoce, to cover an area of about 
45 sq.cnis.,thethicluiessof the qmnge being aboutthenormat. 

Hydroxoa. — ^The marine members of this class normally 
occur in two forms : as a fixed asexual colony, the hydroeome 
or hydroid, and a free-swimming sexual stage, the medusome 
or medusoid. The actively-swimming medusoid forms an 
efficient means of distributing the sex-cells, the dangers to 
which such delicate organisms are exposed beii^ reduced 
by their liberation during the warm months of the year only, 
at the season of calms. Hydroid and medusoid are not 
always equally predominant in the life-history. In several 
shore forma, e.g. the coimnoD Tubularia mdhisa, the ^gs 
are produced on the parent stock within structures known as 
sporosacs, which correspond to the medusdds but are 
sessile. The ^gs ripen within the sporosacs and eventually 
the young are liberated as free-smmming embryos. The 
sporosacs may be pendent and naked as in the species above 
named, clustered at the bases of the tentacles, e^. CUtva 
tquamata, or contained in a special cup or gonotheca, e^. some 
Campanulariaos. Hickson (1906) gives the foUowing table 
to iUustrate the relative importance of the different stages 
in some common forms. 'The habitat in each case has been 
added by ourselves. In these formulas the fertiUsed ovum 
is represented by O, a conspicuous medusome stage by M. 
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a conspicuous hydrosome stage by H^ an inconspicuous or 
degenerate hydrosome stage by h, and an inconspicuous or 
degenerate medusome stage by m. 

1. O— H— O— {Hydra) Fresh-water. 

2. O— H-^n— O (Sertulana) ) , -^ 1 

3. 0-H-M-O (06e/«) 'pn^ral. 

4. O-h-M-0 {Unope))^^_^ 

From the above table it would appear that, on the whole, 
the disappearance of the medusoid st^e is associated with 
littoral or fresh-water conditions, and that of the hydroid 
st^;e with conditions of life in the deep sea. Plausible 
enough as this explanation seems it cannot be accepted with- 
out qualification, since of two closely related forms libe 
ObeHa gemadata and Campamdaria fiexuosa living under 
apparently quite similar conditions, one bears sporosacs and 
the other true medusoids (Newbigin, 1910). The fact 
of the matter is that the feature of the shore as essentially 
a transitional area is reflected in the varied means by which 
shore animals secure survival. 

With regard to the growth rate of Hydrozoa, Orton {op. 
cit.) finds that many species of Coelentera give off medusse 
when not more than a month old. A Tubularian (pro- 
bably Tubularia larynx) was found to give off actinula larvse 
at an age of six weeks, and in one ctperiment this form had 
moderately developed gonophores in twenty-six days. As 
these actiauhe have been found to settle and to grow into 
polyps within a few days it follows that this species may pass 
through its life-t^cle in six weeks and, if conditions are 
favourable, a week or fortnight sooner. A raft moored at 
sea for six weeks was found to be covered with a growth of 
Obetia gemcuiata. In Phamdaria and Gonotf^aa the life- 
cycle may be completed in three months and probably more 
quickly still if conditions are favourable. Hence there is little 
doubt that these hydroids pass through several generations 
in a year. Most of the Ccelenterate species investigated by 
Orton appear to have a maximum rate of growth in the 
months oi August and Sq>tember. 
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AtUkoKoa. — ^Though a good many anemonet may rq>n>- 
duce asezually by a process of fission, e^. Metri^um {Actmo- 
loba), the sexual method is more commcm. In scnne 
anemones a curious form of asexual reproduction occure 
known as " pedal laceration." In the common British 
Metridium, for instance, a favourite aquarium spedes, " the 
pedal disc sometimes spreads on the g^ass or rock upon 
which the animal rests, in the form of a thin membrane or 
film of an irregular circular shape, neariy twice the diameter 
of the column. As the anemone glides along, the film 
remains behind and breaks up into a number of honisphericai 
droplets, n4uch in a few days develop tentacles, a mouth, 
mesenteries, and other organs of a complete independent 
anemone. A similar method of reproduction has been 
observed in several species of S^artia." (Hickson, op. cU.) 

As in the case of most sessile animals, anemones are 
herm^hrodite forms and fertilisation may take place either 
externally {Actmoloba margmata, A. dicmthus, Sagartia spt. 
Actma cart, Anemoma sulcata, Calhactis parasitica) or 
internally (Bunodes tp$. Cereactis aurantiaca, Sagartia troglo- 
dytes, Bunodactis gemmacea, etc.). Where fertilisation takes 
place in the water the early larva: are oval or pear-shaped 
and covered with cilia. Their further development depends 
on their finding a suitable place for fixation within a 
comparatively short time. Where fertilisation takes place 
internally the embryos are sometimes retained within the 
body cavity of the parent to an advanced st^, the length 
of time depending upon the risks to which the young are 
likely to be exposed. Thus, in Arctic species, the embryos 
are retained within the body until several cycles of tentacles 
are developed or even the full complement. The conunon 
British species. Actinia equina, also liberates what are practi- 
cally young adults, though the incubation period is said not 
to be 80 prolonged as in the same species in the tropics. 

The gonads of British species usually ripen in spring or 
summer; but aquarium specimens, if regularly fed, will 
reproduce all the year round. 

Anemones are an imusually long-lived group, at least 
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so ^ as can be judged from aquarium specunens. Dalyell 
kept a specimen of Actinia metembrytmtkemum for sixty -six 
yean and specimens are still living vriddi are known to be 
almost as old. Orton (op. c&.) found that a specimen of 
St^artia viduata attained full size at a maximum »%t of 
fourteen to fifteen months. 

£cAmod«rmf.— The forms whose habits are of most 
interest to us are the two starfishes Astmas twUeri and 
CrihreUa sangum>lenta. Both these forms, which occur 
under stones in pools between tide-mai^, carry their eggs 
in pouches over the mouth, and hatch them there. Larval 
starfishes are plentiful in summer and autumn. The 
commonest form, Asterias rvbens, spawns in November at 
St. Andrews, and may then be found grasping the ova in the 
same curious stool-like position which is adopted iriien 
devouring molluscs (M'Intosh, 1874, and see Plate XI). 

Annelida. — ^With few exceptions Polychsta are uni- 
sexual and oviparous. The common Nereis divertiaAir 
has hequently been stated to be hermaphrodite, but 
M'Intosh (1907) considers there is no foundation either 
for this statement or for another which is ftequently made 
about this species, namely, that it is viviparous. Masses of 
clayey mud, for instance, brought from the habitat of this 
worm at St. Andrews showed many free ova. 

In the majority of cases the e^s are pelagic, but in others 
they are demersal and surrounded by a kyer of protective 
jelly which is said to serve as food for the young larva;, e.g. 
Aricia, Opkeka, PhyUodoce (Benham, 1896). In some Foly- 
noids the e^s undergo part of their development attached 
to the body of the parent beneath the scales or, in the case 
of certain Syllids, attached to the ventral cirri. This tendency 
towards a greater provision for the offspring is most pro- 
nounced in Autolytus (Sacconereis), where the eggs develop 
within a ventrally-placed brood sac formed by the hardening 
of a secretion. The young are liberated at an advanced 
stage, being provided with head appendages and three pairs 
of parapodk. As many as 300 enibryos were counted in a 
brood sac of Autolytus ebiemit (Benham, loc. cit.). The tgg» 
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of tubicolous wonnfl are frequently attached to the tube, 
^ther inside or outside — a distinct advantage. According 
to Leschke (1903), the eggs of Terebella xostericola and of 
TerebeOides ttrcemi are laid in a mucous mass attached to 
seaweed or to the mouth of the tube. In Spirmiit the 
modified gill-filament which acts as an operculum to the 
tube is grooved on one tadt and serves as a brood pouch 
(cf. p. 62). 

It is well known that several species of Nereis imdergo 
very considerable modification at the breeding season. The 
chuiges affect mainly the parapodia, which become flattened 
and oar-like, and their chiette and to a certain extent other 
organs as well. These changes are evidently related to the 
peb^c habits which the worm (now called a Heteronereis) 
adopts at this period, and ensure a wider distribution of the 
sex cells than is possible to a bottom-living form. It is 
only the posterior segments, containing the gonads, that 
become modified ; the anterior segments remain undtanged. 

A similar change takes place in Syllids ; moreover, sonte 
of the members of this family are further remariiable owing 
to the fact that the hinder genital region of the body becomes 
separated off, on matiuity, from the anterior non-sexual 
r^on (Benham, op. cit.). The original worm thus becomes 
separated into a sexual and a non-sexual portion (schizogamy) 
the former of which grows a head and die latter regenerates 
a tail and again becomes sexual. In the simplest form of 
this phenomenon, the growth of the new head and tail takes 
place after the fission has occiured, but in some cases the 
regeneration of the new portions may take place before the 
separation, so that the original animal now consists of two 
complete worms. Further, a narrow neck of proliferating 
tissue may make its ^pearance in front and, becoming very 
active, may bud off a number of new worms, all of which 
become somal. In this way, a chain of as many as sixteen 
worms may be formed, e^. Autolytta (Benham, loc. cit.). 
The worms formed from a particular parent " stock " are 
all of the same sex as that stock. Moreover, the difference 
between male and female worms is so great as to cause 
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conaiderable difficulty to those working out the different 
life-histories. 

Among Polychfets the forms known as " Palolo wonns," 
which live in crevices of rock or of coral reef, are remarkable 
for their habit of swarming at the period of reproduction. 
The first of these worms to attract attention was the Pacific 
spedes Eimue viridis, but others with the same habit are 
the Atlantic Pablo {Eunice fucata) and the JqKinese form 
{Nereis japomca). These forms ^ee in showing at the time 
of swarming two distinct body regions, one of which con- 
tains the reproductive elements. In each species the 
swarming takes place every year mth the utmost regularity 
in the same month or months, at the same particular phase 
of the moon. Durii^ the swarming the sexual portion 
breaks off and carries away the sex products. So extra- 
ordinarily numerous are the worms constituting the swarms 
that to a Japanese observer th^ appeared to cover the 
whole surfeice " as vrith a sheet " (Akira Izuka, 1908 ; and 
for the breeding habits of the Atlantic Palolo, see Mayer, 

1908). 

Several species of Polyduets deposit ova surrounded by 
a mass of jelly. Such cocoons, which are demersal, are 
frequently encountered in rock pools between tide-marits, 
and yet considerable doubt still exists as to the precise 
species to which they belong. The ^gs of PkyUodoce 
are green in colour and are enveloped in a spherical 
mass of gelatinous material secreted by the skin of the 
wonn. M'Intosh (1908) has observed them in May, and 
further states that the ripe male is distinguished by the pale 
yellow hue of the body. Ashworth (1904) states with regard 
to the lug-worm that " in spite of the abundance in innumer- 
able places of the adult worm, and of much searching by 
many woikers, the ^g masses of Aremcola have never been 
found on the coast of Europe." Various writers, howevo*, 
have brought forward a conuderable amount of circum- 
stantial evidence as to the relation of certain globular masses 
of green spawn to Aremcola. Homell (1891) has found 
large, green, pear-shaped ef^-massea associated with the 
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sandy coUt of Arenkola on the 2ad March, the stalk ctf the 
cocoon passing 2 or 3 inches into the aaod. M'Intoah 
(1915) ttatet that numerous pale green gelatinous masses 
about the size of a gooB^xny were fotmd by fiahemmi 
digging for lug-worms on die 3rd of May ; dtey usually 
had a strand of mucus at one end. Williamson (1916) 
has kept a number of Arenicola in captivity and has obtained 
several green capsules which, however, appeared some^iat 
smaller than those usually found on the beach. The ^mwn, 
with one or two trailing strands of mucus, was found 
adhering to the sides of the box, vAdch seemed to indicate 
that the worms were swimming about during oviposition. 

Tlie cocoons of Scobpbu anniger have been found by 
Homell {op. cit.) in close proximity to the adult worm, on a 
sandy beach at Egremont (2nd Much), and by Cimningham 
and Ramage (18S8) in the estuary of the Forth (February). 
According to the first-named writer, they are small, gda- 
tinous, pear-shaped and brownish in colour, smaller than 
the green masses of Aremcola, and are anchored amongst the 
bare ripple-furrows of the sand, the cylindrical stalk descend- 
ing two or three inches into the sand. Cunningham and 
Ramage describe them as gelatinous and transparent with 
opaque white eggs and embryos. Garstang gives February 
as the breeding season for this species at Plymouth. 

Oviposition in OpheUa radiata has been observed by 
Cosmond (quoted by M'Intosh, 1915) ; O. Imadna is 
not uncommon near low-water mark on British shores, and 
no doubt the spawnii^ habits of the two spedes are not very 
dissimilar. The animals first envelop themselves in a 
mass of sticky mucus within which the eggs are deposited. 
The animal next withdraws, leaving a rounded mass vrith 
a long tubular process. In Spio the spawn forms a flattened 
tubular mass, 10-16 mm. in length, with a delicate envelope. 
The t%^ are in one layer or in several layers, each layer with 
about a dozen longitudinal rows. Their colour is from 
yellowish white to sightly orange. 

Orton {op. cit.) has obtained a good deal of material 
with r^ard to the growth rate of various Aimelids, especially 
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of the sedentary Polyctuets : Pomatoceros triqueter and 
Hydnidet norv^iea attain nearly full size in about four 
months and are then sexually mature ; Pofymma, Dasch^one, 
and many others have attained a good size in considerably 
less than a year ; Serptda venrnadaris was found to be 
sexually mature at not more than ten mondis tAA ; Sabetta 
pacoima formed a tube I2'6 cms. long in less than thirty-one 
weeks, and at this age contained well-developed but not 
quite mature ova. 

Crustacea. — Perhaps the most characteristic feature of 
the breeding of shore Crustacea is the long period of incuba- 
tion, during which the e^s are carried about by the female. 
In the Copepods, the commonest shore representatives of 
■vAash belong to the Cyclopidc and Harpactidte, the eggs 
are carried in sacs, usually paired and placed at the udes 
of the abdomen. These sacs are eaaly seen if females of 
the above-mentioned families are collected from among the 
algae of shore pools and examined under the microscope. 
The habit of carrying the eggs about is no doubt an adapta- 
tion to shore conditions, and is also seen in fresh-water 
species of Copepods. 

In the higher Crustacea {i.e. Decapoda) the eggs are 
usually attached by a stidcy material to the swimmerets of 
the fnnale, but in the Stomatopoda they are carried by the 
female in a temporary chamber formed by the apposition 
of the lat^e maxillipeds. 

The sexes are separate, except in sessile and parasitic 
forms, which follow the usual rule in such cases and are 
hermaphrodite. The chief types of larvje are the NaupUus 
and Cypris, characteristic of the Entomostraca, and usually 
associated in the same life-history ; and the Zooea and 
Megalopa, a>nfined to the Malacostraca, also consecutive 
st^es of a single life-history. The larval stage, however, 
may be considerably abbreviated, when the young animal, 
which differs from the adult only in points of detail, is known 
as a Myus (e.g. lobster). As a curious modification of the 
Myus we have the Phyllosoma larva of the spiny crayfish 
(see Fig. 17). 
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Cirripedes. — ^Aa hmted already, both the sedentary rode 
barnacles and the parasitic SaccuUna are herm^hrodite 
species. The youi^ barnacle is hatched as a Nauplius, 
passes after a short period into a Cypiis stage and eventual^ 
fixes itself head downwards by means of a cementing 
substance secreted by the first antennae. According to 
Orton (pp. cit.), BtUarnt balanoida attains to full size in a 
year and gives off large numbers of nauplii at this age, 
but there does not seem to be more than one breeding 
season, namely, in the late winter months. 

Sacculina, the adult of which is little more than a b^ of 
gonads, is also hatched as a ^ical Nauplius except for the 
absence of an alimentary canal. It passes into a Cypris 
stage, the larva after a period of free existence grappling on 
to a hair on the crab's body by means of hooks on its antenna. 
The commonest species in this country b S. carcim para- 
sitic on C mtaua ; S. n^Ucta on Inachus mauritamcut is 
frequent in the Mediterranean (Naples). 

Decapoda. — ^A considerable amount of knowledge has 
been amassed with regard to the development of species of 
Decapoda of economic value (Herrick, 1895, Williamson, 
1904, Pearson, 1908, etc.). We are only able to notice here 
the very broadest features ; details can be sought in the 
literature above mentioned. 

According to Pearson (1908), fertilisation of Cancer 
paguna takes place in the inejiore waters during late 
summer and autumn and is effected immediately after the 
female has cast. The spermatozoa remain in the openings 
of the oviducts or spermathecfe and the ^gs are fertilised 
during extrusion. The one supply of sperms is probably 
sufficient for two or even three successive batches of eggs. 

The larvae of the Gatatheidse, which include the familiar 
" hermit lobster " {Gaiathea), and the porcelain crabs 
{Porcellana platyckeles and P. lotigicomis), are distii^iuished 
by the enormous length of the spines upon the carapace, 
regarded by some as an adaptive feature which renders their 
ingestion by enemies a matter of difficulty. 

Hermit crabs pass through a zocea stage and a stage 
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equivalent to a m^alopa. The former differs from that of 
the Galatheids in the absence of the long spines. 

Among the Brachyura generally the following larval 
stages may be distinguished : Protozooa, Zooea (4 kinds), 
Megalopa (Pearson, loc. at.). The general appearance of 
Zocea and Megalopa can be seen &om the illustrations 
(Plates III and XIV). The Protozooa differs from the later 
zocea only in the absence of the spines on the carapace. 

The larva of the lobster {Homarus vulgaris) is a Mysis, 
that is to say, it is very much like the adult except that the 
thoracic limbs are biramous. After five or six months of a 
free-swimming existence during which it moults 4-5 times, 
the animal, now exactly UJke the parent except for size(i inch), 
sinks to the bottom. The breeding season of the lobster 
extends over July and August. A female lobster begins to 
lay when she is about dght inches in length, the ntmiber 
of eggs produced increasing up to about 180,000 at eighteen 
inches, after which there is a gradual decrease. 

Like that of the lobster, the metamorphosis of prawns 
and shrimps is greatly abbreviated, the larva hatching out 
at a late zotxa stage (almost a Mysis). According to Monaghan 
(1914), the time of maximum spawning of the shrimp 
{Crangon vu^arii) for the Lancashire coast is about April lOth. 

The larva of the spiny crayfish {PaHmtrm), which takes 
the place of the lobster on Mediterranean coasts, is known 
as a Phyllosoma and is characterised by its leaf-like body 
and flattened appendages. It may be regarded as a greatly 
modified Mysis stage. Lovett (1901) remarks that while 
the spiny lobster Pakmmu quadriconds carries enormous 
numbers of ova of very small size in proportion to the parent, 
CaJUaiuuia subtenaiua produces ova which, though lat^, 
are few in number. As, however, the latter species is 
greatly protected by living underneath the sand such 
disparity is accounted for. 

Ampkipoda and Isopoda. — Sex-imlon in this group, 
particularly the former, may be readily observed, the male 
carrying ^e smaller female beneath him by means of the 
anterior thoracic legs for a considerable period (several days). 
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The number of eggs laid at one time is not laige and they 
are carried about by the femak in the brood pouch. Accord* 
ing to Hewitt (1907), the ova of L^ia oceaaca are Urge, oval 
in ahape, and contain a large amount of yolk. 

Groatk 0/ Crustacea. — Orton (op. cit.) has made 
use of an ingenioua method for determining the growth- 
rate of some Crustacean forms. A wire basket of small 
mesh is lowered in the sea and is entered by such young 
unirn*!" as are small enough to pass through the narrow mesh. 
Smae of these remain, and, feeding on the natural growth 
which accumulates on the basket, increase in size and so are 
tr^>ped. From an experiment of this kind Orton concludes, 
for instance, that the prawn (PaUtmon serratus) becomes 
mature and carries ^gs within a year, and that the common 
shore crab, Carcimis moenas, also attains maturity within a 
umilar period. 

The fact that many Crustacea are in process of transition 
from an aquatic to a terrestrial life lends particular interest 
to their reproductive habits. These show an interesting 
analogy with the habits of Amphibia, inasmuch as while 
the adult animal may be essentially terrestrial a return 
must be made to the original habitat for breeding purposes. 

Crabs of the genus Geocarcvtus, which live in sheltered 
situations several miles ftY)m the sea, are said to make their 
way in sprii^ in immense numbers to the sea-shore where 
breeding and spawning take place (Smith and Welldon, 1909). 
A return migration occurs when this is completed. The 
young pass throt^h the normal larval stages in the sea and 
then migrate inland. A similar return to the sea for breeding 
purposes is also necessary in the case of the robber crab 
{Birgut UOro). 

Other genera whose members are in process of gaining 
a place on the land are Ocypoda and GtUamus. 

MoSusa, — The sexes may be either separate as in most 
Peteq'pods, MytSut, Cardium, etc., and nearly all Proso- 
branchiata, e^. Patella, Acnuea, Fitsurella, HaUoUt, Trocha, 
Neritina, Natica, Littoritia, Itissoa, Hydrobia, Naita, etc., 
ot united as in Opisthobranchiata and Pulmonata, e.g. BuSot 



b, Google 



PLATE XIV 



I. — Common Shore Crab Parasitised by Sacculina. 



II. — Megalopa Larv.« of Shorb Crab. 
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Acera, Pkilme,Apfyna,3Dd Nudibnnchs generally. In the 
great majority of shore molluscs the young are hatched as 
free-swimming larvte, but a small number of forms are 
viviparous {e^. L. rudis and L. neritoides). 

Gasteropods. — The tendency to abbreviate the larval 
period in Littorinas in relation to the position occupied on 
the shore has already been noticed. The life-histoiy of 
three common species of Littorina has been worited out by 
TattersaU {op. cit.),iioTa whose paper the following details are 
taken. The eggs of LUtorina tittorta are pink in colour and 
are enclosed, usually singly or in pairs, in small transparent 
capsules shaped like a soldier's " tin " hat, with the ^;g8 
lying in the crown (see Fig. 18). The diameter of the capsules 
varies from '6 mm. to '9 mm., that of the eg^ themselves 
iiatti *i5 mm. to *i6 mm. Instead of adhering in masses 
which are attached to weeds, etc., as in Nudibranchs, for 
example, the c^tsules are separate and are laid freely on the 
sea-shore, where they have been found in numbers by 
TattersaU among the fine shore deposit at low-water. The 
larva hatches as an early veliger and the peh^c life is 
prolonged. The total number of eggs a sin^e female may 
deposit is estimated rou^y at about 5000. Oviposition 
may proceed intermittently for a month or more , the original 
act of copulation sufficing for the whole of the eggs laid. 

As contrasted with that of L. littorea the life-history of 
L. ohtusata presents the following characteristics : (i) the 
egg capsules are aggregated in masses and attached to weeds ; 
(2) the early veliger stage is suppressed and the e^ hatches 
as a fiilly formed veliger larva ; (3) the free-swimming larval 
life is much abbreviated. As already pointed out, Littorina 
iwritoidtt is viviparous. 

Th& Trochids deposit their eggs on the under side of 
stones and on seaweed ; each ovum is contained in a separate 
capsule and the capsules may be either all glued together into 
an irr^ular mass of varying size or be deposited separately. 
According to Robert (1901), agglomerated spawn is formed 
by Tr. granulatus, TV. striatus, Tr. comUoides, Tr. exasperabu, 
T^e Tr. ttu^ut, Tr, dnerarius, Tr, cratsus lay their^;gs singly. 
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CarnivorouB Gasteropoda depout their ^gt in stout, 
leathery capsules which ofteit fuse in various ways so as to 
fpve a characteristic appearance to the spawn of particular 
species. Each capsule contains a varying number of ova, 
and there is competition among the embryos within the 
capsule, the stronger eating the weaker, so that only a very 
small percentage survive. A similar struggle, it will be 
remembered, takes place within the cocoon of the earth- 
worm, llie egg-capsules of P%trpura are among the most 
^miliar objects of a rocky shore. In appearance they are like 
small cereal grains, somewhat pinkish in colour, and they are 
lud in groups attached by short stalks to the rock surface. 
A ungle Purpura has been observed to produce 245 capsules 
(Cooke, 1895). Equally well known are the e^ cases of the 
common whelk or " budde " {Buccimtm unJetum). Tlie 
spedmens of these so often found lying on the ^ore at or 
above high-tide mark are, of course, no longer living. 
The capsules of Fulgur (Busycon) resemble rolls of coins 
attached at equal distances to a long string (nearly 3 feet) ; 
Murex deposits clusters of from 1 5 to 1 50 triangular capsules, 
each with a short stalk, and there are said to be about 20 ova 
in each capsule. Allied species may have very different 
forms of spawn. Thus the egg capsules of Nassa reticulata, 
which are fastened in rows to the leaves of Zostera, are shaped 
like flattened pouches with a short stalk, n^tile those of 
N. mcrassata are solitary and shaped like roimded oil- 
flasks (Cooke, he. at.). 

The manner of formation of the egg capsules of carni- 
vorous sea-snails has been described by Cunningham (1899), 
^o saw that the spawn was formed and deposited by the 
foot. The sole-gland is thus really the nidamental gland, 
and the ova are probably transferred to its cavi^ before 
closure and deposition of the capsule. 

The eggs of Notice are laid in a coiled sheet held together 
by copious mucus in which numerous sand-grains are 
entangled, the spawn thus resembling a thick sheet of 
sand-paper (see Fig. 18). 

Nudibranchs. — The spawning of littoral species of 
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Fin. i8. — Spawn of abore animals, i, Spann of LiitoHna obtutata on 
Fucui isrratus; 3, Egg-caw« of whelk (BiuOmtm tindatum); 3, Spawn of 
Natica ; 4, Eg^ribbon of Dorid ; 5, Egg-ca«e« of Pulgar ; 6, Spawn of 
Polfchat ; 7iBffl and capaufe of Littarina Uttorta (aftei TattenaU) ; 
^Purpura lapiiiiu. 
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Nudibranchs has been extensively studied by Eliot {op. at.), 
from whose valuable monogn^h most ot the foUonii^ 
details are taken. 

No elaborate precautions are taken by this fanuly of 
molluscs to conceal their eggs, a drcumatance whidi is 
probably amply compensated by their enormous fecundity, 
as noted earlier in this chapter. Sometimes the strings or 
ribbons containing the eg^ are left in conspicuous positions ; 
sometimes they are placed in surroundings where they are 
not noticeable or in sheltered nooks such as the under ude 
of rocky ledges. But in all cases the eggs are enclosed in 
some sort of case. 

The simplest form of ^;g-case is a rounded capsule 
such as that laid by the Limapontiidx ; Gahina adgua 
banfs oval masses of bright wlute on seaweed ; Ttrgipes 
despectus deposits its eggs in kidney-shqied capsules. 

Many small j^lids, e^. Amphorina auraniiaca and 
A. oBvacea, deposit spawn in a sii^;le imperfect coil, roughly 
crescentic in shape, and the spawn of some Folycerids, «^. 
Pofycera quadrdmeata and Ancula cristata, is mudi the same. 
Other genera, however, both of .Solids and Dorids, produce 
more complicated patterns. The spawn may be a single 
string, or a ribbon with e^;8 collected along one margin, 
which may also be described as a string attached to its 
support by a membrane along its entire length. In arrange- 
ment, the string or ribbon may be hung in an irr^ular 
festoon on seaweed or arrai^ed on a flat surface, sometimes 
in the shape of a cup mth the margin turned outwards 
{Aeanthodoris pilosa), or more frequently in a spiral of varying 
completeness and complexity ; LameUtdoris bilameUata lays 
a short spiral of one or at most two coils. The eggs of 
Afchidoris tuberculata, perhaps the commonest shore Nudi- 
branch, are liud in a large triple coil, according to Eliot, some 
15 inches loi^. Colgan (1914) states that four coils taken 
at Bullock and Dalkey Island in April, 1914, were, when 
opened out, 32, 28it, and 17 inches long respectively, the 
breadth being froin I inch to i| inches. The number of ova 
in the largest was calculated at 645,000. Darwin (Voyage of 
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the Beagle, ch. ix., footnote) calculated 600,000 eggs for 
a ribbon 20 inches loi^ of a Falkland Island Dorid. 

The spawn of Jorunna jofmstom is in a spiral of four 
coils with gracefully scalloped margins while that of 
LameUidoris utcompicua and L. depressa is a simple but 
extensive spiral of 7 to 10 whorls. 

In many j^lids {CorypheUa, Facehna, ^EoUdia, also 
Atitiopella) the spawn is not only arranged in a spiral, but 
the ribbon itself is zigz^^ed in its spiral course ; Cumati' 
otus suspends a single cork-screw shaped coil by a long 
thread. 

The forms of Nudibranch spawn are so distinctive that 
recognition is easy. Those of members of the same genera 
and famiUes have generally speaking the same pattern (cf. 
carnivorous Gasteropoda). Kindred species may, however, 
show very different degrees of elaboration in thrir worit {e.g. 
LameUidoris bilamellata and L. depressa). 

Dorids with wide mantle margins are best adapted to 
produce broad, flat ribbons because the ^g-jelly is 
compressed between foot and mantle and the undulations 
of the edges of the ribbon, when they exist, are the counter- 
part of the undulations of the mantle margin. On the other 
hand, as we have seen, small animals, without any mantle, 
such as the LimapontUdx, merely deposit short capsules. 

I^e egg-ribbon may be said to be composed of three 
parts, as follows : — 

(i) General envelope enclosing all the eggs. 

(2) One or more envelopes enclosii^ groups of eggs in 
strings or patterns. 

(3) Attachment jelly, which fixes the whole structure to 
its support. 

Bolot, quoted by Eliot {loc. cU.), has given an interesting 
account of the method of extrusion of the egg-ribbon in 
Dorids. " The ribbon as it issues is soft and adhesive 
but soon hardens in water. The Dorid attaches one end 
to a suitable spot and then begins to move slowly, thus 
uding the exit of the ribbon by pulling agunst the fixed 
p<Hnt. But the emergence of the ribbon is also due to an 
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intriiuic morement caused by a pulsating vesicle ntuated 
at the opening of the oviduct, which pardy surrounds the 
ribbon and throbs rhythmically as it slowly pays the latter 
out (according to Trinchese and Hecht, the number of 
pulsations is from 24 to 56 per minute). In Doris tvberadata 
the rate of spawning is a little more than \ inch per hour. 
(A specimen at Plymouth laid 15 inches in 24 hours.) The 
ribbon passes backwards on the ri^t side of the animal 
between the mantle and the foot and thus receives a curve 
along the vdiole of its lei^th, the concave side fWdng out- 
wards. The e(^ which lies nearest to the foot is attached 
to the rock, and the curl of the spiral is countet-clockwise 
(occasionally clockwise).'* 

'While the spawn of British species is nearly always white 
(at most tii^ied with rose or yellow), that of tropical Dorids 
is deposited in very beautiful red or nolet spirals which 
look like flowers. 

Eliot puts the duratitm of life of these molluscs at about 
a year. The young are hatched as veligeis in spring or 
summer (Ei^land) and can reach their fidl size, as animals 
from 2 to 3 inches long, in less than twelve months. In 
the experiment made by Orton already referred to, a raft 
moored at sea for ax weeks was found to be covered wiA a 
growth of ObeUa gemadata on which adult Nudibranchs, 
chiefly Gahma picta, were feeding. Masses of spawn 
belonging to this spedes were found and from these free- 
swimming veligeis were given off. Orton concludes that 
these Nudibranchs had peopled the raft as vehgers, rushed 
through their development at the expense of the hydroids, 
and were giving off vehgers again to populate hydroids 
elsewhere within a period of not less than six weeks and two 
days I 

The spawnii^ habits of several species of shore bivalves 
have be«i extensively studied and are of considerable 
commercial imp(»tance, but from our particular point of 
view they show no features of outstanding interest beyond 
the fact that they are all enormously fecund. The common 
Oyster {Ostraa tduUs) produces bom 600,00c to 1,800,000 
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^g8, while a large American Oyster has been computed 
to contaia more iban 100,000,000 ova (Woodward, 1913). 
There is, however, a point in connection with the growUt 
of forms such as the oyster, mussel, and cockle which deserves 
notice. As the animal increases in uze, the shell, of course, 
is enlarged pari passu by the addition of successive areas of 
lime secreted by the edge of the mantle. From an examina- 
tion of these " growth " lines and from the general appear- 
ance of the shell a considerable amount of informaticHi can 
be gained as to the age of the molluscs and the suitability 
or not of the conditions in which the animal has been 
growing. Mussels which, owing to unsuitable conditions 
of temperature, food, or saHnity, remain small and stunted 
in size will, when transplanted to suitable areas, grow to 
marketable size in a very short time. 

riibes. — Shore fishes are not particularly fecund but 
the comparatively small number of ova produced is perhaps 
compensated by the care which is bestowed on them by 
the parents. Notwithstanding parental care, however, the 
mortally amoi^ eggs and young is very great. M'Intosh 
(1901), in fiurt, considers that no group of marine fishes is 
better fitted for demonstrating the great losses which ensue 
between the period of the deposition of the ova and the adult 
condition thiu the littoral fishes, such as the Shanny, Cottus, 
Gunnel, and even Viviparous Blenny. To take the Shanny, 
for instance : notwithstanding the &ct that the adult females 
deposit a conmderable number of eggs in small rocky caverns, 
and that the young while still more or less pehgic abound 
in the rock pools in August and September, yet frequent^ 
only a sii^le adult is encountered in a shore pool. This 
deorease in numbers M'Intosh attributes not so much to 
the fish becoming spread out in the ocean or to their taking 
advantage of new sites among the rocks, as to the onsUu^t of 
predatory neighbours. 

A umilar disproportion is observable between the 
numbers of young (cggfi or larvse) and of adults of most shore 
fishes. The demersal e^s of the short spined Cottus 
{Cottus seorpm) are said by M'Intosh {loc. cit.) to be a 
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bvourite food of nuuy fishes and of certain birds, so that 
destruction b^pns early in the life-history. Nor, according 
to the same writer, do the gaudy coloration and protective 
spines <rf the tarvie prevent a serious reduction in their 
numbers, so that the contrast between the crowds of young 
and the comparatively few adults is noteworthy. 

The spawning season for shore fiahes extends from 
early spring to summer. It is not possible to give accurate 
descriptions of the ova of the different species without 
entering into details as to their size and microscopic appear- 
ance, etc., which are beyond the scope of this work. We 
shall therefore content ourselves with notii^ such features 
as are likely to interest the general reader. 

The ^ga of the bullhead or " father lasher " {Cottut 
scoTpius) form large masses of dark red or pinkish colour 
attached to the rocks, stones, or Laminaria between tide- 
marks. 

Of all shore frequenting fishes the lumpsucker {Cydo- 
pterui lumpta) would seem to be the most fecund. Day 
(1880-1884) quotes the statement of Johnston that the spawn 
of a single female will Bll a large basin, and gives Bloch's 
figures of 207,000 egff for a 6} lb. fish. The ^gs, as 
already noticed, are looked after by the male, who keeps a 
current of water circulatii^ through the mass by means of 
his pectoral fins. Cunningham (18S8) has taken masses of 
Cyclopterus spawn from rocks near low-water mark at St. 
Andrews during January and February. The colour of 
the eggs varies ft^m red to pale yellow or nearly white. 
The young Cyclopterus are very common among the algae 
on any rocky shore and are easily recognised by their tadpole- 
like appearance and modified pelvic fins. 

A fevourite spot for the deposition of spawn is an old 
bivalve shell : that of Lepadogaster bimaadaius, another 
form with pelvic fins modified as a sucker, is described by 
Cunnin^um {he. cit.) as being invariably found adhering 
to the iimer sur&ce of the shells of Pecten opercularu, y/hae 
it is guarded by at least one of the parents. Another writer, 
Hefford (1910), has taken a spent female of L. bmaaiiatut 
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in a Lutraria valve within which a batch of eggs had been 
depouted but had disappeared, leaving traces of their 
former presence in the shape of oval impressions. Occu- 
pying the same shell was the Nudibranch Cahta gl a ucoidei 
{wbidi had first spawned) and the observer thinks it almost 
certain that the fish eggs had been devoured by the Nudi- 
branch, which has been recorded as commonly associated 
with goby and blenny eggs and varying in colour so as to 
resenile the eggs which it apparently preys upon. 

Of the several species of goby frequenting our coasts, 
the rock-goby, Gobius paganeUus, Is the one most frequently 
encountered, being usually abundant among rock pools and 
under stones between tide-marks. Breeding takes place in 
spring, and the ova, r^^ularly fusiform in shape with pointed 
apex, are most commonly laid on the under side of an over- 
hanging rock or stone and there guarded by the mate until 
they hatch ; any suitable shelter, however, such as a Atil 
or old tin, probably serves for breeding purposes (Holt and 
Byrne, 1901). 

Another species, Gobius ruthemp^ri, is frequent among 
beds of Lamtutria and Zostera. The breeding season extends 
from April to Ai^iist, durii^ which period there is a constant 
succession of broods. The ^gs are pear-shaped with a 
somewhat pointed apex, and seem to be laid upon any 
sheltered and fairly smooth surface, e.g. inside the " bulbs " 
of Lammaria buSiosa (Holt and Byrne, loc. cit.). 

Other gobies with more or less similar breeding habits 
are found frequenting estuaries, eg. the black goby (G. 
n^er) and the common or freckled goby {G. maattus). A 
notable feature in the breeding of these gobies, qiart from 
the care of the ova by the male, is the fighting between 
rival males, vdiich in tht case of the last-named spedes at 
least is said to be so furious as not infrequently to result 
in the death of the weaker fish, though perhaps as much from 
exhaustion as from wounds (Holt and Byrne, loc. cit.). 

The eggs of the guimel have already been noticed ; those 
of its rdative the Sh^my (Blenmus phoHs) are ovoid in shape 
with flattened under dde (Hefford, 0^. cit.), and are attached 
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to stones, where they are accompanied by one of the parents, 
or, accordii^: to Day, to the upper surface of small caverns 
in the rock. The frequent occurrence of the NudibrancH 
Caima glaucmdes in the neighbourhood of the ^^ of goby 
and dianny has already been remarked. 

The Five-bearded Rockling, MoteUa mustela, is excep- 
tional among ^ore fishes, inasmuch as its ^gs are pelagic. 
This is all the more surprising since the adults are typically 
tidal forms and seldom, according to M'lnto^ (i90i< 
he. cit.), extend for seaward. Though the eggs are numerous, 
the adults only occur sparingly among rock pools, so that it 
is difficult to say which of the two methods, the deposit of a 
restricted nunUier of demersal e^^ which are carefully 
watehed, or the random liberation of lai^ numbers of pel^c 
eggs, is the more advantageous to the species. Certainly 
the former method is much the more common in the Uttoral 
area. 

BetmpeoL — The main facts which emerge from the 
foregoing survey are as follows : 

(a) The spawn of shore forms is frequendy attached 
and protected by some form of homy or gelatinous invest- 
ment. 

(b) Thtte is a tendracy to modify chapters of the normal 
life-hiatory in response to special needs. For instance, the 
larval period of a form living near high-tide mark may be 
much condoised as compared with that of an allied species 
living in the Laminarian zone. Cases in point are those of 
Littorma neritoides and L. Kttorea, On the other hand, 
ciromistances may sometimes result in the Urval stages 
being prolonged- 

(c) The period of reproductive activity is frequently 
adjusted to the seasons or may even coincide with a particular 
phase of the moon (e^. CottBobOa), the result being to allow 
the larvie the optimum chance of survival. 

(d) Cases of parental care are not uncommon and make 
economised reproduction possible, in contrast to the great 
fecundity required in those cases in which the eggs are 
liberated at random. From a habit such as that of the 
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parent butterfisfa it is then but a short step to the buildii^ 
of a Qest as in the case of the fifteen-spined sticklebadc. 

(«) The survival of shore forms with pcl^c larvae is 
not entirely fortuitous, but sensitivenesB to light acting in 
conjunction with the movements of the surface waters tends 
to lead a larva towards the environment suitable to its adult 
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CHAPTER XIII 

Some Economic Aspects of Shore Life 

The animals and plants inhabititig the tidal area have 
from the earliest times been utilised by mankind, the 
shore offering to coastal people sources of food supply 
denied to those dwelling inland. This is amply proved by 
the moimds or " kitchen middens " which occur almost 
universally wherever these food supplies have been unusually 
abundant. While shore species are still utilised in great 
variety by peoples of all grades of civilisation these represent 
a subsidiary rather than a primary source of natural wealth, 
which is no doubt destined to be e:q}loited in more intense 
feshion than at present. It is interestii^ to notice, for 
example, that the economic difficulties occasioned by the 
recent war at once caused attention to be directed to the life 
of the seaboard as a source of food for man and beast, 
chemical manure, material for war industry, etc. We are 
considering here the actual products of the tidal zone, to 
the exclusion of flotsam and jetsam (except where composed 
of forms living in the tidal area), however interesting or 
valuable (ambergris for example). 

SHORE ANIMALS UTILISED BT MAN 

The commercial products of the tidal zone, so far as 
animals are concerned, consist primarily of shell fish, such 
as the Oyster, Mussel, Cockle, and Periwinkle. Now and 
^ain certain others are eaten, but are seldom marketed. 
Further we have Crustacea (Crab, Shrimp, and Prawn), 
and fish taken by nets, etc., within the tidal limits, during 
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such periods as the rising and tilling tides enable these 
animals to visit and utilise the region. 

Sbitm Fllbec— The use of shrimp, seine and other nets 
is supplemented in some districts by the use of permanent 
weirs, baulks, and stake nets. The coast of N. Wales from 
the Menai Straits to Colwyn Bay affords several examples 
of these permanent fish weirs, which entrap a variety of 
species, at times including large numbers of mackerel. 
In one tide 7000 mackerel were taken in a baulk at Birkdale 
(Rept.of Superintendent of Lancs.and Western Sea Fisheries, 
for Quarter ending 30th September, I9i5)> 

Any one visiting the enormous tidal areas of Morecambe 
Bay can hardly fail to be impressed by the variety and extent 
of stake nets, stream nets, baulks, etc., some fixed, otlwrs 
temporary, which occur mile after mile. Most of these 
are designed to capture fish which do not belong permanently 
to the actual tidal zone but visit it for feeding purposes, and 
hence must exercise a very marked influence upon its per- 
manent fauna. Theflat-fish: Plaice, Flounder, and Dab, etc., 
are undoubtedly those of chief commercial importance : 
their larval stages are partly inshore, and even when older 
they continue to be largely inshore feeders, especially during 
the summer months. Tlie commercial round-fish can be 
regarded as chiefly summer visitors, when they are taken 
by net or line in large niunbers (Mackerel, Mullet, Gar, 
etc.). Particularly are many fish attracted by the larvte 
and youi^ forms of the shell-fish beds of the inshore waters 
and tidal zone. Nevertheless, these commercial fish are not 
shore direllers in the strict sense, as are the various Wrasses, 
and the numerous spedes of Blennies, Gobies, and Rock- 
lings, that breed within the tidal zone. We may summarise 
the relation of coastal fishes to the tidal zone somewhat as 
follows : — 

I. Species that passthroughtidalwatersduringmigration: 

{a) To spawn in the sea — Eels. 

The larvie ascend, and thus these fish normally traverse 
the tidal zone twice during dieir life-history. Sticklebacks 
may migrate to shallow coastal waters to breed. 
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(6) To spawn in fresh water ; larvsc descend. 

1. Lan^rey : supposed not to return alive. 

2. Sturgeon : has been known to spawn in the braddsh 

water area of the Delaware in cold seasons. 

3. Sahnorndte : sahnon^ sea trout, iriiite trout. 

H. Species particularly affecting shore life but not 
spawning within tide-marts : 

I. Conger. 2. Various Cyprodontida;. 3. Mullet 
(Mi^spp.). 4. Codlli^ (GdiAu spp.). 5. Rocklings (Ofiui 
spp.). 6. Sand Eels {Ammodytes spp.). 7. Flat-fish (Pleuro- 
nectidse), Plaice, Dab, Flounder, Topknot. 8. Skate, etc. 
9. Bass. 10. Dragonet (C fyra). 11. Weevers (various) ; 
also many others on different shores. 

III. Shore-spawning species : 

I. Fifteen-8pined8tickleback(5]ptRd£Ai)ti j^mocAta). 2. Pipe 
Fish. 3. Atherina spp. 4. Wrasse (various). 5. Gobies 
(various). 6. Cottta tcorpiut. 7. Agoma cataphractut. 
8. Cyclopterus bm^us. 9. Bullheads. 10. Butterfish (Cen- 
tronotus). 11. Sucker Fish {Lepadogaster). Note the 
absence of edible forms. 

The edible Crab ia also 3 migrant, moving into deq>er 
waters during rough winter weather, although young forms 
that can hide and protect themselves effectively may be 
found within tide-marks at almost all times. 

Shore MolhwHw. — The Mussel and Oyster find their 
optimum natural conditions just below low-water maiit 
(whence they are obtained by rake or dredge) and above it 
have to be catered for in fecial spots or by artiiidal aid, 
in " layings " for fattening, etc. Only the beids that can be 
hand pidied can be regarded as comii^ strictly within our 
province, but these include many extensive mussel-beds 
and practically all the cockle-beds that are utilised ; also 
the winkle grounds. The takii^ of all these is regulated 
by Bye-Iawa which aim at conserving the beds from 
depletion by protecting the young forms, and the adults 
during spawning periods. 

Some idea of the commercial value of the mussel may be 
gathered from the following figures. Before the war, 50 
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boats and 100 men (with boats or carts) were at woii on the 
Morecambe beds. The average amount sent away from 
Morecambe during the winter months was 300 tons per 
month, the bulk being sent for bait for long lines. The total 
present yield of these beds is probably 3000 tons per annum, 
of which only about 200 tons are utilised for human con- 
sunq>tion. 

A quart of bait mussels will average about 60 mussels, 
and a bf^ of 65 quarts will consequently suffice to bait 
3900 hooks ; there are 16 bags to a ton (Report of 
Superintendent, Lanes, and Western Sea Fisheries District, 
Dec. 1918}. 

Below are the weight in cwts. and value of different 
kinds of shell-fi^ landed in the Lanes, and Western Sea 
Fidieries District diuing the first quarter of 1914, with 
corresponding figures for 1913 : — 



Cockles .. .. 23,399 25.9>7 £2,809 )£3."6 

Mussels .. .. 33437 28,907 3,399 2,932 
\^^nkles .. .. 552 782 179 231 

llie value of shell-fish landed at all ports in the Lanes, 
and Western district during 1917-18 is given as follows : — 





1917 


tgtS 


Cockles 


• • £11,582 


f6,iM 


Miusds 


9.7S4 


21.031 


FerininUes . . 


4+t 


1.292 



It is obvious even from this table that these fisheries 
fluctuate enormously, and the reason is mainly economic. 
If local industries absorb all spare labour at remunerative 
rates, only a more or less fixed and normally professional 
class of fishers will follow the woil of gathering shell-fish. 
A local dearth of employment or a strike will quickly cause 
a considerable number, including women and children, to 
turn their attention to such work as a stop-gap, the products 
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goii^ either to distant maricets, or being utilised locally. 
Again, should the demand from the big inland markets 
cause prices to rise above nonnal, a number of gatherers are 
temporarily attracted and there is increased local production. 
These factors can be seen in operation over and over again, 
in almost any locality offering a large supply of shore products. 
During the war there was a great reduction in die value 
gathered, owing to more remunerative employment being 
available for the few who remained. The few who did 
continue the woi^, however, obtained greatly increased 
prices. The following data (see Annual Report of Sea 
Fisheries for 1914, Pt. I., Appendix A) refer to 1914. 

At Boston (Lines.) 59 boats were licensed for mussels, 
and 30,000 cwts. valued at ;£2250 taken from the beds in 
the Wash, etc. In addition 9600 cwts. were transplanted 
to more favourable places. Of cockles 94,000 cwts. were 
obtained. The value of the oysters marketed from the Colne 
averaged for the three seasons previous to the war between 
j£i3,ooo and £i4/>oo. From ToUesbury and Mersea, 
3,160,975 oysters value £12,035 were marketed in 1913-14, 
the stock on the gnnmd being estimated on August 3i8t, 
1914, at 3,618,780 : also 18,000,000 of " half ware." 

Mussels may sometimes be found to occur on the sea- 
shore in such dense crowded masses as almost to obscure the 
rodu. Such beds are frequently termed " scars " or "skears " 
(a Lancashire term which is useful to denote beds of this 
^pe), and the shell-fish inhabitii^ them may grow fairly 
well, but without attaining marketable condition, or may 
remain stunted, thick-shelled, and coated with the Cirripede 
Balanus. The shells of these mussels, through being 
constanUy wetted and dried, become rough and unsightly ; 
the chitinous outer shell-layer (the periostracum) being lost 
and the prismatic layer thus rendered visible gives the shells 
a blue colour (Wright, 1917), flAercas the rapidly grown 
shells are either smooth blade, or variegated (" pitdi pine " 
mussels). The causes of la^ of growth are over-crowding, 
and insufficiency and insularity of food supply (Diatoms, 
Protozoa, detritus, etc.). If such mussels are removed to 
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more suitable areas where they may either Femain submerged 
in brackiBh water (the " bed " system) or attached to arti- 
licial supports of brushwood, etc. (the " fosdne " or 
" bouchot " system of the French and other coasta), where 
food is espedally abundant, they make such rapid increase 
in flesh as to render transplantation a profitable commerdal 
transaction. 

Periwinkles {Littorma Uttorea) often occur in great 
numbers on boulder-strewn shores, estuarine areas that are 
gravelly, etc., and also among mussels, where they can obtain 
firm foothold and some shelter from storms. The winkle 
is a vegetarian and browses upon algse and their young growth. 
Pid, near Barrow-in-Furness, is one of the centres of the 
industry on the west coast of England, and some figures 
and details have been published by Scott (1917). The 
molluscs are collected by hand, the bulk between October 
and May ; the average annual quanti^ sent to the inland 
towns of Lancashire, and to London, from 1906 to 1914, 
was about 48 tons, valued at ^£240 per annum. A bag of 
winkles contains 136 pints and weighs ij cwts. ; there are 
about 125 winkles in a pint, so that the average bag contains 
some 17,000. In the twelve years 1906-17, over 500 tons 
have been despatched from Piel Station alone, the value to 
the fishermen being at least ^2680. In certain cases such 
shdl-fish as Solm (the Razor Shell), Mya araiana (the 
clam), Scrobicularia piperita and Venus galkna (both known 
as " Hens "), Patella vtUgata (the limpet), Bucdnum undatum 
(whelk), HaUotis tuberculata (the " ormer " of the Channel 
Islands), and others, may be made use of as food, but seldom 
in any commercial sense. 

We may allude here to Ae extraction of dye from 
moll\iscs. The forms used by the ancients were species of 
Murex and Purpura. Other forms yielding coloured 
secretions having the properties of dyes are the Sea-hare 
{Apfysia) and lantfma. This industry, begun by the 
Minoans of Crete, has now lost all comm^x:ial importance. 

Shon Cnutaoea.— On sandy and muddy coasts the 
shrimpii^ industry is of some importance. In some places. 
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e^, the Lancashire and Essex coasts, it may support a fleet 
of cutters which employ a tra^ or a more or less similar 
net. This method of shrimping is, however, not so much our 
concern as the employment at low tide of the push-net or 
the use of a horse and cart Xo pull the trawl, methods which 
are woAed from terra firma and so bring shrimping under the 
head of a shore industry. The term -* shrimping " includes, 
of course, the taking of prawns, which latter name includes 
a variety of species. The true prawn is Leattdtr saratut and 
is distinguished hyits long serrated roatnim. Another species 
which appears on the market is Paiidaha montapd, Imown 
on the Lancashire coast as the " Fleetwood prawn " or 
shank or pink shrimp. It is said to prefer a more stoi^ or 
rocky substratum than the shrin^ (Jenkins, 1920). Like 
L, serraius it has a long serrated rostrum, hut differs from it 
in the characters of the first two pairs of walking 1^ ; 
Leander tquiUa, with a much shorter and straig^ter rostrum 
than the true prawn, and L. adspertus {L. fabricn) are said 
to be sold on some parts of the English coast as " Cup 
shrimps " (Caiman, 1911}. 

BdiinodBnu. — The body-wall of certain species of 
large Holothurians or sea-cuomiberB when dried and 
prepared is eaten by the Chinese, who esteem it a great 
delicacy. This product is known 00 the maAet as " trepang " 
or " b£che-de-mer," and forms the basis of a valuable 
industry. In the quest of this dainty the Chinaman has 
penetrated from Japan in the north to Australia in the 
south, and is continually pioneering the trade and intro- 
ducing proper methods of curing. One of the bulletins of 
the Madras Fineries Department (Homell, 1917) deals with 
the future prospects of ^lis industry in India. 

The gonads of another Echinoderm, Echaats esculentus, 
are eaten in Italy and elsewhere and are regularly marketed 
in Ntq>Iea. One of us has derived amusement from watching 
a number of children Ashing up sea-urchins fit)m the harbour 
at Anzio, cracking the shell and devourii^ the contents 
*' senz' altro." 

Bait. — Certain shore-dwelling species acquire an economic 
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importance by reason of their use as bait by fishermen. 
Foremost among these is the Lug-wonn {Ara^ctAi marina), 
whose " casts " are so mailed a feature of tidal mud flats, 
or of sands with an underlying layer containing v^etable 
detritus. From these situations they are dug in quanti^ 
and used as bait for the capture of flat fish, whiting, cod, 
haddock, etc. In some estuarine and ramilar sheltered 
areas this worm occurs in immense numbers, varyii^ with 
die amount of food available (see Plate VI). Davison (1891} 
at Holy Island found their numbers to vaiy trom 8*2 to 43 
per sq. yd. in 19 measured areas. At Musselburgh, Firth of 
Forth, in January, 12 to 15 casts occurred per sq. yd. and 
many of the worms were 13 inches in lengUi. From these 
san^ about 1000 were dug daily (Ashworth, 1904). 

Aberdeen is an area uniavourable to lug-worms, and 
they are (or were) imported from the Moray Firth, and sent 
100 miles by rail prior to use. They weigh, on average, 
half an ounce each, which is equivalent to 400 worms per 
stone of 14 lbs. The cost was given by Ashworth at lof. per 
stone, and the railway charges at is. 2d. per stone ; this 
transport was only possible in cool weather. 

M'Intosh states that a single worm may bait from four 
to six hooks, but that breaking up the worm causes the 
fingers to sufier from friction and the worm's secretions : 
the fingers are dipped in a solution of alum to avoid this. 

In Guernsey, Nereit eultrifera is used as bait for whiting, 
conger, etc. Mussds are of importance as a bait, as are 
also the sand eels {Ammoifytet spp.) ; of lesser value are 
" soft " spedmeos of the green shore crab {Carcmus matuu), 
limpets, cockles, and others. 

Adrane Fietoo. — Certain animals and birds may at times 
exercise a distincdy adverse influence upon the shore 
forms that are of economic value. 

Shore-haunting sea-^ulls are chiefly scavengers, but 
on occasions have been accused of destroying oocUes. 
Scott (1916). however, considers that it is difficult to say 
^^letber undisturbed cockles can be reached by them. 
Fishermen state that thc^ have seen gulls " tread " cockles 

u 
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to the surface with their feet ; but diis mty be an exaggera- 
tion. CocUe-gathererB riddle out their catch, taking the 
large sheila and leaving the smaller on the surface " practi- 
calfy presented to the gulls " (see Fig. 19). 

The heron frequently fi^ies in tidal waters, and Dr. 
F. Ward (1912) estimates that 1} lbs. of fish are conaunied 
per day for each young heron, while the adults take 3 Um. 
A heronry of 50 nests would thus require 500 lbs. of fish 



Flo. 19. — Food of bUck-hMded gull (kdkpted from Collinge]. 
daily. Two broods may be raised and the heronry occupied 
from April to August, giving a consumption of 45 tons of 
fish per nesting season. On muddy flats, eels are the chief 
food, but where trout and sahnon-parr are accessible, these 
are used. 

Kellogg (1910} states that many New England farmers 
living near the shore made it a practice to fatten their hogs 
on clams, up to a quarter of a century ago. According to 
this writer, " there are- many places on &e New Ei^land 
coast where the low tide exposes hundreds of acres of 
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continuous flats, and mott of these at one time bore enormous 
beds of clams. It seems incredible that digging alons could 
have destroyed them, and yet without question this is ahnost 
the sole cause of the nearly complete destruction that has 
occurred on almost aU of these immense beds. There is 
no such thii^ as an inexhaustible supply of organisms 
useful to man." Kellogg finally refers to the depredations 
and reckless misuse of these natural resources by man. 
In winter, Mya arenaria is mariteted alive inland, and at a 
temperature near the free2dng point will keep alive for weeks. 
Near the shore it is eaten in summer, baked, steamed and 
in " chowders," and immense numbers are cooked, canned, 
and shipped away. Recently, also, " clam-juice," the 
mucus drained from the bodies of " shucked " clams, has 
been canned or bottled and widely used as a broth, especial^ 
for invalids. 

PLANTS OF ECONOMIC VALUE UTING WITHIN THE TIDAL ZONE 

ZartWA. — ^Mankind finds various uses also for a number 
of the plants that grow within the tidal area. These plants 
are all algs with the exception of one form, idiich deserves 
notice. This is the sea-grass or Zostera, which grows in 
immense quantities between tide-marits in sheltered Im^ 
or inlets where the water is shallow and the bottom 
muddy (e^. the Beautieu estuary which opens into tiie 
Sdent), and harbours an interesting fauna (see Herdman, 
1919). The two commonest species are Z. nuarwa and 
Z. nana ; the place of which is taken on Mediterranean 
coasts by Potidoma. They are utilised mainly for their 
fibre, which may serve as litter, for stuffing mattresses and 
furniture, as a packing material, and for the manufacture of 
paper (Gloess, 1919). Ilie fibre is disassociated from the 
organic matter by appropriate methoda, bleached and dried. 
According to Gloess, Zostera fibre is distinguished by its 
elasticity, uninflammabiUty, keeping qualities and absence 
of smell, features which render it particularly valuable for 
the purposes above named. Both Gtoess {Uk. cit.) and 
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Sauvageau (igao) mention the fonnation of a company 
" La Parisette " for the manufacture of a packing material 
fivm Z. marma. In qiite, however^ of the excellent quality 
of the product, the venture foiled owing, thinks Gloess, to 
difficulties of transport due to the hictory not beii^ situated 
on the spot. 

Zostera frequentiy forms a portion of the plant jetsam 
utilised by the agriculturists of the coast as manure. Iliou^ 
containing the same fertilisii^ elements as a!^ the propor* 
tions of ^eae are somewhat smaller, and this, added to the 
fact that decomposition is very slow, renders the Zostera 
less valuable for this purpose. 

Bed SMweedi. — The economic value of red algse lies 
chiefly in the gelatinous matter or getose contained in the 
cell wall. The most important spedes is Chmdrm crisput, 
the use of which is ancient and practically world-wide ; 
Chotidna crispus, or Carrageen moss, is one of the commonest 
algte of our shores and occurs in the zone extending from 
the low tide of neaps to that of springs. After being picked 
the weed is spread on the shore, bleached and dried in the 
sun, a certain amount of moisture being essential to the 
bleaching process (Sauvageau, op. cit.). When boiled in 
water the weed partially dissolves and, on cooling, forms 
a jelly which serves a number of uses. Along with other 
red seaweeds it is employed in tiie preparation of various 
dishes, especially jellies ; as a thi<^ening for textiles ; as a 
vegetable glue ; and during the war it fulfilled a useful purpose 
as a substitute for gelatine of animal origin. Accoi^ing to 
Sauvageau, Chondna crispus as it occurs in commerce is 
almost invariably mixed with Gigartina maimUosa, which 
it sometimes resembles very closely, the two species being 
collected indiscrimiitately. 

Prof. R. W. Phillips, of Bangor University, informs us 
that C crispta was formerly used on the Anglesey coast as 
a food for calves. According to Cotton, the same species 
is prescribed in certain parts of Ireland for the treatment of 
chest complaints. 

A species of alga familiar to most inhabitants of the 
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Scottish seaboard is Rhodymemapabnata or " dulse." It m^ 
be cooked and eaten as a vegetable, but in the majority <^ 
cases it is merely dried in the sun, rolled up and chewed like 
tobacco ; or the preliminary treatment may be dispensed with 
altogether and the weed employed in the fresh state. 
Sauvageau quotes Johnston and Croall to the eflfect that the 
presence of epiphytes or forms such as Idothea and small 
molluscs {e^. Rjstoa and MytHus) is considered an advan- 
tagebysome I 

Another kind of red seaweed used in this country is 
Porphyra, either P. lacimata or P. vulgaris, known in England 
as " laver," the Irish appellation being " sloke." The dis- 
tribution of this seawe^ is, however, more local. At Clare 
Island, according to Cotton, the weed is gathered in spring 
and eaten either cooked or pickled. At Llwyngwril, near 
Aberdovey, and on the South Pembrokeshire coast, previous 
to the war, a fair quantity of laver was picked and forwarded 
regularly to Cardiff for the preparation of a special bread 
used by persons suffering itom diabetes, 

Another species which in virtue of its peppery fiavoiu* 
is sometimes employed as a condiment in Scotland is 
Laurencia pmnatifida, where it is known as Pepper-dulse. 

Both dulse and laver may be seen on sale in the smaller 
shops of the coastal towns of south-west Britain, and the 
former is regularly exposed for sale on the Aberdeen fisb- 
stalls. 

It is in Japan, however, that seaweeds are put to the 
greatest number of uses, bdng employed as food, as plaster 
and glue,as starch,and as manure for the rice-fieIds(Davidson, 
1906). The best known product is " kanten " or seaweed 
i^nglass, familiar in this coimtry as agar-agar, where it finds 
its chief application as a culture medium for bacteria. In 
addition, agar-agar is used in numerous ways for edible 
purposes, particularly for preparing jellies ; for clarifying 
wines ; for sizing textiles and silks, and in the manufacture 
of paper. Under the name agar-agar is included a series of 
products, possesung similar pr(q>erties, derived from several 
different species of red seaweed, chiefly ^ecies of GeUdaun. 
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The advantage which this product offers as a culture medium 
for bacteria is that it remains solid at a considerably higgler 
temperature than does gelatin of animal ori^. It is also 
quite free from impurities. 

Brown SMweedi. — So far as this country is concerned, 
the value of brown seaweeds lies in their manurial qualities, 
although they are employed in all kinds of ways by die 
Japanese, notably in the preparation of Kombu (frran species 
of Lammaria) which is muc^ esteemed as an article of food. 

The use of seaweeds as manure is almost world-wide. 
Th^ are either cut direct from the rocks, or the masses 
cast ashore after gales are collected and carried to the 
adjacent fields, or carted inland as &r as is convenient. 
The species thus utilised axe the various Fuccuds : F. tptraSs, 
F. vesiaJotus, F. serratus, and AscophyVum nodosum, tc^th^ 
with Lamauma d^itata and L. chtaUm, while at times 
the non-algal Zostera and others are employed. 

Seaweeds as manure contain about as much nitrogen 
as farmyard manure (but in a form radier less available as 
plant food), about half as much phosphates, and considerably 
more potadi, be^des supplying a large amount of organic 
matter. The foUomng analyses are taken from the Miniatty 
of Agriculture leaflet No. 254 : 

Analyses of Fhssh and Dried Seawbbd (Hindiuck) 



wi«. SSff 



Fnah Maweed : — 



„ (lrwid«) 
Fueui v*stcuJotiu | " Wrack," I 

Fucut terratut { Wrack," etc.| 



Dried leaweed : — 
Lamtnana ipfi. (stems) 
,, „ (fttmds). 

Fueus veticulosut 
AicophyUi 



68-17 ' 
7orsi ] 
7S'*o 



0-34 
0-38 



1 77" S6 



fas 

3»7 
2$t 
418 
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The utilisation of seaweed as manure carries several 
ad^witages. It conserves mcnsture and has a special value 
in improvi:^ the mechanical condition of the sdl, an effect 
which is due to the changes of form following upon variations 
in the moisture content, algte being markedly hygroscopic. 
Moreover, no weed seeds, fungus spores or larvs of injurious 
insects are introduced by its use, as is frequently the case 
with farmyard maniu%. Seaweed is used as a dressing for 
potatoes, mangold, turnips, and cabbage, and sometimes as a 
top dressing for yom^ " seeds." Ten to 6fteen tons per 
acre are given to lucerne, or to sainfoin, in autunm (Isle of 
Thanet) and raked off in sprii^ ; 25-^0 tons per acre are 
used for the potato crop in Ayrshire. 

Pethybridge (1915) describes how in certain favourable 
localities artificial beds of stone are laid on the coasts 
of Achill Sound, Co. Mayo, the Don^al Coast and 
Mill Bay, Co. Down, to obtain an extra source of alg« 
for manurial purposes. Rectai^ular beds are formed of 
more or less regular lines of stone, and these belong to 
those fanners whose land fringes the coast. The algse are 
cut once in two or three years, and are sometimes sold. If 
the stones sink, they may have to be raised by means of 
spade and crow-bar. The weed is cut with a hook. Some 
of the beds are stated to be from one to one and a half miles 
from high'water mark. One bed in 1913 sold for ^^, 
the area cut being 38 sq. perches (Irish). The average 
price per load in that year was 15s. to i6f., and in 1914 
only 8f. 

Yendo (1914) describes similar methods for the coast of 
Japan, a difference being that the crevices between the 
stones are filled in. By so doing a richer vegetation is 
obtained, since more or less flat reefs are the richest for 
sea-weed. Yendo further states that the cultivation of 
marine algse in Japan yields an annual value of a million 
pounds sterling, of which about one-third is exported to 
China. In many cases women and children do the work on 
the fanns and the sea-weed cultivation, the men being 
fishers. Davidson [op. cit.) stated that no less than fifty-one 
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species were collected and employed by the JqMnete for 
various purpoeea. 

The chief diavbadL to a more extended use of seaweeds 
as manure lies in their bulk and in the difficulty and cost of 
tran^Mrt. Instead, therefore, of being employed as a 
complete manure the alg» are frequently burnt for the sake 
of their ash, which contains a h^ percentage of potash. 
The ash obtained from algae is usually known as " kelp," 
though the same term is sometimes applied to denote the 
living algse which are utilised for obtaining potash. Until 
a few years ago, however, even the kelp was only of com- 
paratively local value, as on the open market it was incapable 
of competing with potassic fertilisers of other origin. The 
Americans had already begun to turn their attention to the 
giant kelp-beds of their Pacific coasts as a source of potash 
when the loss of German suppUes due to the war gave a new 
impetus to this industry. Large factories sprang into 
existmce on the shores of the Pacific and rendered important 
service in connection with war needs. The species exploited 
are chiefly Laminarians of great size, known as giant kelps, 
which form immense beds a short distance from the coast. 
As the majority of these are provided with floating oigans 
(pneumatocysts) which support the fronds at the sur&ce, 
mechanical means of harvesting become possible and result 
in a considerable reduction of the working expenses. Al- 
though the financial success of these concerns under peace 
conditions is not yet assured, already thousands of tons of 
alga are removed from the Pacific for the extraction of 
potash and other products (Sauvageau, op. cit.). 

The extraction of iodine from seaweeds is still practised 
on a small scale in different parts of the world, but this sub- 
stance is now generally obtained more economically as a by- 
product of the nitre industry. Iodine was formerly obtained 
from various seaweeds on the Scottish coasts, but the industry 
has declined for the reason just stated (Cameron, 1916). 

The exploitation of littoral algae on a commerdal scale 
qwns the question as to how far die supply of algae is inex- 
haustible and as to what effects their removal may have on 
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the Bhore founa in general and on fishe* in particular. TidB 
is a question which is discussed at length by Sauvageau, 
who dia^rees with Gloess's statement that Lammaria when 
cut quickly grows anew. According to the former writer, 
the Lamrutria of the French coasts, vrhen the stipe is severed, 
no matter at what point, never continue to grow whether 
from the stipe or from the " roots." Though the repro- 
ductive zone is situated at the junction of stipe and frond, 
growth by cell division only begins at a pcnnt of the frond 
well above the base, and Uiough theoretically it might be 
possible to sever the weed so as to make sure of its growing 
anew, in practice this is not feasible. The chief points 
to be considered in connection with this question are the 
situation of the conc^tacles, the length of life of the parti- 
cular species, and the season of reproduction. Delage (1913) 
is of the opinion that an increased use of Laminaria for 
industrial purposes might prove a serious menace to the 
inshore fisheries, not because of the shelter these afford 
to the fishes themselves, but on account of the large inverte- 
brate population which lives among them and on which the 
fish feed. 

As an example of the many miscellaneous uses which have 
been made of algae we may mention the way in which their 
highly hygroscopic qualities were utilised by the Germans 
in the construction of a delayed-action bomb. These 
bombs, which were employed in the late war, exploded 
after lying for a time in a pool of water or in any damp place. 
The explosion was produced by the svrelling of a portion of 
the stipe of L. cloiuUmi breakii^ a glass bulb and so bring- 
ing Bulphxiric add into contact with chlorate of potassium. 
In other grenades, a needle, pushed by the expanding 
Lairwiaria, came into contact with a capsule of fulminate 
of mercury (Sauvageau, op, cit.). 

InJlllkMU Alga. — ^A curious instance of the adverse effects 
of an alga upon a commercial enterprise may be gjven. The 
spread of the species Colpomenia shtuota has been mentioned 
elsewhere (see Cb. Ill, p. 54), and Mangjn (1907) describes 
its effects upon some oyster-beds on the French shores at 
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Quiberon, Cherbourg, and other places. These algx are 
spherical or ovoid, solid when young, later hollow and filled 
with water. They may attain the size of a hen's egg, cn- 
even that of a fist. These plants become attached ^en 
youi^ to the oysters, and gradually increase in size. When 
they have attained a certain size and are left uncovered by 
the retreat of the tide, they split from the pressure of the 
water they contain, and this, on trickling out, is replaced in 
part by air. The rising tide imprisons this air, and the alga 
swells, rises, and carries up the oyster to which it is attached. 
The whole is now drifted away by currents, and in this 
manner, no less than 400,000 oysters have been (according 
to Fabre-Domergue) removed from oyster-beds. The 
same author states that this evil is to some extent mit^ted 
by the drawing of faggots of thorn bush over the beds, thus 
breaking the " balloons." 

Effeoti d Sewige, etc. — The system by which the sewage 
of towns and efBuents of works, etc., is got rid of by being 
led on to, or allowed to escape within, the tidal area has in 
many instances led to serious results by infecting valuable 
beds of mussels, cockles, and oysters with disease-causing 
bacteria. 

Bacteriological and epidemiological evidence from many 
sources has produced irrefutable evidence of the fact that 
shell-fish, owing to their peculiar methods of feeding, are 
capable, if infected by sewage bacteria, such as B. typhosus, 
of transmitting such bacilli to human beings who may 
consume them. This has led to much discussion and 
experiment, and to the condemning of shell-fish from 
infected sources by many Medical Officers for Health, and 
considerable interruption of the usual trade has resulted. 
Naturally, methods are being sought to eliminate this danger 
and to place these frequently Suable fisheries on a safe 
and sound basis. The Ministry of Agriculture and Fisheries 
have for some years past carried out experiments at Conway, 
the object beii% to cleanse mussek of dangerous bacteria 
associated with sewage pollution, so as to render them " pure 
in a bacteriological sense." As regards cockles, these also 
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may becrane polluted, but frequently the situation of the 
chief beds is suffidendy remote ^m sources of pollution 
to ensure their escape. In some places cockles are cooked 
after gathering, and marketed in this condition, thus avoiding 
much danger, besides eliminating the chief bulk and muc^ 
expense in transit. Such methods are employed at Leigh- 
on-Sea where sterilisers are used (see PUte XV). 

The release of refuse from works has produced in 
certain instances curious results among the shore &una 
and flora. Farran (1914) investigated the effects produced 
by the establishment of a whaling station in Blacksod 
Bay, Co. Mayo. He found that drfilement of the shore, 
with destruction of animal and vegetable life, took place 
only when the valuable parts of whales were treated, and the 
refuse allowed to accumulate in large quantities on the 
shore. In the case of a station with installation sufficient to 
deal prompdy with the whole of the whale, such a result did 
not occur. In the instance investigated, only a residue, 
consisting mainly of water and some organic matter in solution, 
was allowed to escape. Any changes observed on the shore 
extended at most for 200 yards on either side, the most 
noticeable result being the greaUy increased growth of 
Uha ItKtuca, which formed a dense band along and below 
extreme low-water mark. Within this area, die roots of 
Lammaria at low water yielded a much smaller supply of 
worms than usual. Above low-water mark the shore was 
as usual except just below and at the sides of the station, 
where there was a notable increase in Enteromorpha and 
decrease of Fucoids, and the animal life they shelter. 

We ourselves investigated an instance on the shores of 
Milford Haven, in 1913, in which the effluent from a fish- 
manure and oil-works flowed across a tidal reef (Walton, 
1913). A drain pipe, from these works opened within the 
tidal zone and the rocks thereabouts were oily and there 
was a strong fishy odour. The fauna of the vicinity was 
somewhat curiously affected. Immediately around the 
outlet the rodu were barren ; a Uttle fiirtiier away alge 
began to appear, and gradually increased in amount. Then 
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occurred LUtoma kitoeea (large), L. obtusata (small), PaUUa 
and Cardma. Some atone vroA then interveoed and on 
the reef and in the poob immediately beyond the rodca were 
•till decidedly oily, and the founawasrich. Orer for^ species 
of invertebrates were collected within a few yards and in some 
cases the specimens were of very large size and peculiarly 
coloured as compared with those of unaffected rocks near by. 

It has also been shown by several workers that the green 
alga Uha latistima grows more rapidly in polluted than in 
pure water (see Chap. II, p. 45). 

LdnrioDa *"*"*■'■ — Some other invertebrates may be a 
source of loss on shell-fish beds, as for instance CUona — the 
boring sponge, llie mollusc Crepidula formcata may 
increase on oyster-beds to such an extent as to enter into 
serious conqwtition with the oysters by reducing their food 
supply ; while mussel-beds may be ravaged by hordes of 
Btar-&h {Aiteriai rubeta), or dc^ whelks {Purpura lapiUus), 
both of which feed upon the shell-fish. 

Itw 8e«-fhon in nlitton to Hoaun Onlton.— The 
foregoii^ pages will have served to convey some idea of the 
economic value of the sea-shore at the present day. The 
importance of this area to human alMrs cannot be correctly 
gauged, however, by the figures we have given, as to minds 
accustomed to modem industrial undertakings these will 
always appear small. It is not too much to say that without 
the food supply, represented chiefly by molluscs, offered by 
the shore the development of early civilisations would have 
been much retarded. Quite apart from food, however, 
the rdle played by shells in himian life has been very great. 
In many parts of the world littoral shells were, and are still, 
employed as a medium of exchange. One of the commonest 
forms put to this purpose is Ae money-cowrie {Cyprtea 
mmeta), still current in West Africa. Among the ct^stal 
tribes of North-West America the elephant-tusk shell 
(Denta&tm indtanorum) was the standard of value until under 
the Hudson Bay Company it was superseded by blankets. 
The " wampum " of the eastern coast of NorUi America 
consisted of strings of beads formed from the shells of 
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VeittiS mercenaria, the beads derived from the purple-coloured 
parts of the shell being the more valuable. Another form 
of wampum was made from the shells of Btayam cariea 
and B, pervertum. Other shells employed for the same 
purpose in California were OUotUa b^Hcata, Stmdoimu 
arata, Packy^sma crassatdloidet and HaHotis (Cooke, 
1913). Other practical uses of shells are as sinkers for 
fishbig nets and as material for the manufacture c^ fish- 
ho<dcs, weapons, etc. 

No less important than the practical is the sesthetic 
and imaginadve aspect of shells gathered from the sea-shore 
(see Wlfrid Jackson, 1917. Also essay on " The Cult 
of Shells," in Thomson's Secrets of Animal Life). From 
the very earliest times shells have been employed for 
ornament, notably cowries and top-shella. Their beau^ 
early stimulated man's aesthetic sense and stirred his sense 
of wonder and so shells acquired a symbolic and later, a 
religious significance. At the present day the chank- 
shell {Turbbulla n^) has a special religious significance 
for the Hmdu, and the very rare left-handed form is said 
to be regarded with extraordinary veneration (Homell, 
191S). 
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NOTES ON SOME OF THE COMMONEST SHORE ALOX 

The drawings of seaweeds (Figs. 20 and 21) inserted in 
this ^pen<& are intended as a rough-and-ready guide 
for the benefit of the beginner and represent the species 
to which reference has been most frequently made in the 
text. The notes below refer to the most obvious features 
by which they may be identified. For the distribution 
of Fucoids reference should be made to Plate VIII. 

Fig. 20. No. I. Peheiia cmudiculata. Distinguished by 
its narrow ftvnds, usually without distinct mid-rib. The 
mai^jns of the frond are thickened and incurred so as to 
give a channelled appearance to one side of the frond . Hence 
dienameof" Chaimelled-wrack." Receptacles (or specialised 
region bearing the reproductive organs) terminal, oblong 
or lanceolate, either in pairs or deeply-forked, their surface 
tubercular. Air-vessels absent. Colour : a pale yellowish- 
olive. Habitat : extreme high-tide mark. 

No. 2. Halidryt siUquosa. Easily distinguished by the 
character of the receptacles which rou^y resemble the 
" pods " of a typical cruciferous plant. No air-vessels. 
Colour : greenish-olive to olive-brown. Habitat : in deep 
pools between tide-marks, never exposed to the air. When 
occurrii^ in shallow pools is usually stunted. 

No. 3. Fvau veticuhtus (" Bladder-wrack "). Frond 
flat, with a stout mid-rib and entire margin. Air-vessela 
elliptical, mostly in opposite pairs along the frond. Recep- 
tacles terminal, roundish ovate, oblong or lanceolate. 
Cdour : deep olive-green. Habitat : typically at about 
half-tide mark in situations where it is left exposed to 
the air. 

No, 4, LamtHoria digitata {" Tangle-weed "). Easily 
recognised by its large size, long cylindncal stem ocpanding 
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into flat, 8trap<like fronds, and much-branched " hold- 
fast." Colour : brownish-olive. Habitat : the seaward 




Fio. ao. — Common ^ore Hgte. 

S. £. wcdbormo. S. Fucum Bwanoidu. T. Bi- 

mniirto Wa hrta, i. AttepftrOim nodotum wHh PolyfipAonia. 9. TWw 
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margin of the tidal zone where it is is only exposed at spring 
tides. Also in deep pools higher up the shore. 

No. 5. Laminana saccharina {" Oar-weed "). Distin- 
guished from No. 4 b; its simple frond with crisped edges. 
Colour and habitat as'mL. digUata. 

No. 6. Fvcus ceranoides. Frond with mid-rib. Dis- 
tinguished by the tapering shape of the receptacles, which 
are either in pairs or forked. Air-vessels usually absent. 
Cohm : brownish-ohve. Habitat : between tide-marts 
wherever there is fresh-water influence. 

No. 7. Himanthaka lorea. The identification of this 
species is rendered easy by the characteristic cup-shaped 
r^on of attachment (the thallus proper), and long fertile 
fronds. Colour : dark olive. Habitat : between tide- 
marks in positions exposed to air. Very common on some 
rocky shores, absent from others. 

No. 8. Ascopkylhtm nodosum {Fucus nodosus). Frond 
linear, frequently enormously long (see Plate IX), without 
mid-rib (or, one might equally well say, consisting entirely 
of mid-rib). Air-vessels very large, occurring singly at 
intervals along the middle of ^e frond. Receptacles ovate, 
borne on short lateral stalks. Frequently bears tufts of the 
epiphytic Pofysiphoma fastigiata. Colour : oUve-green. 
Hdntat : about half-way between tide-marks, particularly 
on boulders. The common name is " Knotted-wrack." 

No, 9. Fucus serratus (" Notched-wrack "). Frond with 
broad mid-rib and strongly serrated margins. No air- 
vessels. Reproductive organs, or conceptacles, distributed 
over the whole of the distal portions of the fronds. Colour : 
olive-green. Habitat : the lower part of the shore, immedi- 
ately above the Laminarian Zone ; also in deep pools. 

Fig. 21. No. I. Cladophora rupestris, A conspicuous 
dark-green alga occurring in thic^, bushy tufts, in pools 
from high to low tide mark. 

No. 2. Enteromorpha intetttnaHs. Frond unbranched, 
inflated, arising from a very slender base and gradually 
dilating to a rounded extremity. Cohur : dait green. 
Habitat : between tide-ma^, either exposed near high- 
water nuuk or in pools. Another common species is 
E. compressa. 

No, 3. CoralUna official. A common red seaweed 
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of bushy growth characterised by being strongly impregnated 
with lime. Colour : dull purple, often ^ding to pure 
white. HdbUat : in pools, commonest towtir(& low'tide 
mark. Never exposed. 

No. 4. Vloa lactuca {" Sea-lettuce "}. Fronds practi- 
cally sessile and, when floated by water, inflated or cup-like, 
with margins more or less cleft. Coloiir : yellowish-green. 
Habitat : in pools above half-tide level. Mother common 
species is U. latissima, which is of a deeper green and has 
a somewhat difFerent frond. 

No. 5. Rhotfymenia pabnata. A common red seaweed 
with flat, irregularly-branched, somewhat leathery fronds ; 
well known to all coastal inhabitants, in Scotland at least, 
as " Dulse." A very variable form. Habitat : everywhere 
between tide-marks where not too exposed except, say, the 
upper third of the shore. 

No. 6. Ckondrus crispus (" Carrageen Moss "). Another 
common red seaweed, also of variable form. Stem elongate 
(one or two inches), cylindrical at base but passing into a 
flattened, dichotomously-branched frond. Habitat : the 
lower third of the sea-shore, exposed and in pools. Colour : 
dark reddish-brown fading to yellowish-green. 

No. 7. Porpfiyraladmata{"lAveT"). Frond broad and 
membranous, irregularly cle^ and with crisped margins. 
Very common on some shores between tide-marks where 
exposed to air, appearing at low-tide as filmy sheets coating 
the rock or other weras. Colour : variable, from pale 
purplish-brown to AaA purple. 

No. 8. Fucus ptatyccapis. Resembles F. vesiculosus, but 
is distinguished therefrom by the absence of air-vessels and 
also by its habitat which is higher up the shore, immedi- 
ately below Pehetia canaliculata (see Plate VIII). A further 
difference between the two species is that in F. platycarpus, 
male and female elements are produced in the same con- 
ceptacle, while in F. vesiculosus they arise from different 
conceptacles. 
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SHORE INSECTS 



The following short account is intended to supplement 
the somewhat scanty references to insects in our survey 
of the life of the sea-shore. 

Among the features which have enabled these ^ically 
air-breathing creatures to extend their activities to the sea- 
shore, we may note that they are not readily wetted, the 
chitinous body-covering and the frequent presence of hain 
alike preventing this. In addition, the tough chltin delays 
almost indefinitely the passage of the toxic salts from the 
water to the tissues (endosmosis). The surface-film of water 
will not pass into small openings, such as the mouth or 
spiracles, and in any case the spiracles are guarded by hairs. 
Furthermore, sea-shore insects dre mostly small (see Miall, 
1895). A striking point is the frequent reduction, or total 
suppression, of wings, as seen for example in the small 
Hemipteron Aepophiba and the beetle Airpus maritms. 
This is generally supposed to be advantageous in preventing 
the animals from being blown away from their narrow 
environment. Generally speaking, however, the adaptive 
features seen in marine insects are few as compared with 
those which secure the survival of the fresh-water members 
of the same group. One thinks of the many remarkable 
arrangements for locomotion (" pond-skaters," " watei- 
boatmen "), for respiration, and for securing ^e survival 
of e^B and young, which are ao frequently met with in 
fresh-water insects.' Probably the chief obstacle offered 
to insect life in the sea is the constant agitation of the water. 
The fact that shore insects so rarely swim may be almost 
certainly attributed to this cause. We must not forget, 
however, that Hemipterous insects belonging to the genus 
308 
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HaiobeUes show a degree of adaptation to a marine existence 
which is extraordinary, being found gliding over the calm 
seas of the tropics hundreds of miles from land or clinging 
to any flotsam &om which they can obtain food. Thtii 
eggs have been picked up attadied to the floating feather 
of a sea-bird (see White, 1883, and Carpenter, 1895). 

From the ecolc^cal point of view, insects form an 
important part of the jetsam associations referred to to 
Ctupter III. In fact, it is the shore jetsam, with its mixed 

filant and animal constituents,* which has been the chief 
actor in attracting these forms to the sea-shore. Probably, 
ako, the warmth of the decaying weed is a condition which 
favours the development of die eggs and larvs, particularly 
those of flies and beetles ; moreover, the larvie will have 
no difficulty in finding a plentiful supply of decaying plant 
or animal food. 

One of the most abundant and, at the same time, the 
most typical of sea-shore insects is the Collembolan 
Anurida maritima, a small, blue-black, wingless form, from 
two to tliree millinietres in length. It is foimd on or 
under stones, crawling on weeds or walking over the 
surfoce-film of pools between tide-marks, but never above 
high-tide marii nor in the Laminarian Zone. A supply 
of air is retained by its thick coating of hairs sufficient to 
last it for four or five days under water. The orange- 
yellow eggs are deposited deep in crevices (Imms, 1906). 
A related insect with simikr appearance and habits is 

> Quite a number of small species of CoUembola (spring- 
tuls) and Thysanura (bristle-tails) frequent the sea-shore 
in addition to the preceding. The spring-tails have been 
studied by Davenport (1903), among oUiers, and he describes 
their reactions to contact, moisture, gravity, and air-currents. 
Some species go into the sand when the tide rises and come 
to the surface again to take air when the tide falls. They 
will run up surfaces in the face of the wind, leaping when the 
top is reached and so being blown back to the starting- 
point. A common bristle-tail on British shores is MachSis 
maritima, which is to be found creeping over the surfaces 
of rocks or restii^ on and under stones close to high-tide 
mark. 
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Beetles are especially comrooii on the set-shore, and 
Keys (1918) in enumerating the species found on the South 
Deron and Cornwall coasts has classified them as foUows : 
(a) Maritime species : those covered by the sea for a 
considerable time during the ebb and flow of the tide ; 
8 species, (b) Sub-maritime species : dwellers at high-tide 
mark or thereabouts and subject to occasional wettings ; 
inhabitants of brackish pools and wet places in salt marshes ; 
54 species, (c) Coast species which are, as a rule, safe from 
die reach of high tide but are peculiar to coast plants or 
live under stones, on wooden piles, and in fresh-water oozes 
on the cli& ; 89 species. 

Many ahore beedes belong to the predaceous Carabidc 
and, in addition to feeding on animal refuse, may prey upon 
sand-hoppers. They may burrow in the sand at tow tide 
or lie motionless under stones and in this way are able to 
resist short immersion. Several are wingless and in one 
case at least, that of A^nu marinus, there is very marked 
specialisation for an amphibioua existence. In addition 
to being wingless and to having its body covered with 
hairs, A^fnis is provided with a large pair of air-sacs in its 
abdomen which supply the respiratory needs of the animal 
when submerged. At low water A^pus may be seen run- 
ning about on stones, sponges, and weeds, and is thought 
to prey upm the Gasteropods Rissoa and Lat«ta (Mull, 
op. cit.). 

The sea-shore flies (Diptera) are hardly less numerous 
than the beetles. " Flesh-flies " (Sarcophagiiise) are promi- 
nent and the "black-fly" (Calopa fngida), which is not 
unlike a house-fly in appearance, is also common ; while 
in addition to the adult flies, numbers of their ma^ptts 
may be seen feeding among the jetsam. Both larva and 
pupa can withstand short immersion. Miall {op. cit.) 
mentions the larvse of the fly Arctora astmun as feediitg 
upon stranded bladder-wradi {Fuais vesiculotus). The 
adult flies, which occur in summer at the water's edge, are 
lai^r than Calopa and of a lighter grey in colour, while the 
larvse are covered with short hairs. Other prominent flies 
iHiich frequent the water's edge belong to the Dolicho- 
podids and are readily distinguished by their biiUiant, 
metallic coloration. Midges are numerous above rock 
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poob and their larvEC are truly marine, feeding on green 
seamed, and breathing dissolved oxygen by means of 
gill filaments or over their whole surface (Carpenter, 1899). 
A list of British seaside Diptera has been compiled by Col. 
Yerbury (1919). 

Besides insects, several other kinds of tracheate Arthro- 
pods may be found between tide-marks. The most incon- 
spicuous, but, at the same time, the commonest of these, 
are mites (see p. 65). In addition, a number of Myriapods 
have been described by Plateau (1890) and Sylvestri (1903). 
The latter author distinguishes between (a) accidental, 
(b) indifferent and (c) genuine halophilous forms. According 
to Plateau, Geopfulus maritmus and G. submarinus are able 
to exist in sea-water for periods of twelve to seventy hours. 
Altc^tber, Plateau, in 1890, enumerated 40 genera and 80 
species of tracheate Arthropods known to inhabit the 
sea-shore, but the list has almost certainly been greatly 
augmented since then. 
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ILLUSTRATION OF A METHOD OF SUBVEHNG A TTHCAL 
PIECE OF SEA-SHORE 

The accompanying plan, sections, and photographs of a 
small inter-tidal area have been prepared mainly with the 
object of illustrating a method of survey which mig^t be 
used in order to bring out, in a manner that is clear and 
easily grasped, some of the main ecological features of 
any given shore, or portion of shore. In a lesser measure 
it may serve as a sort of commentary on some of the facts 
connected with the distribution of tidal plants and animals 
ndiich are discussed in Chapter III. 

The method is one that has been employed by the 
writers for teaching purposes and found to answer well. 
Each student is given a specially prepared plan of the 
area under consideration (similar to Fig, 22, but on about 
twice the scale) and told to mark down the distribution 
of certain species while indicating their precise mode of 
occurrence, e^. on stones, under stones, in sand, in mud, 
etc., by appropriate symbols. The advantage of such a 
method is that it serves to give focus to the woi^ of the 
student and to counteract the tendency, on his part, to 
adopt somewhat aimless methods of collecting. 

Our present illustration of the method, as applied to 
a fair-sized portion of the shore of Balloch Bay, is nothing 
more than an outline. It could, however, be elaborated 
without difficulty. In particular, any fraction of the same 
shore might be selected for closer treatment and the survey 
be so made to comprise almost any desired amount of detail. 

Balloch Bay is situated on the east side of Gt. Cumbrae 
Island, Firth of Clyde, and ^us fa<»a towards the mainland, 
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from which it is separated by a narrow channel. The 
portion selected for study is, roughly, about 2-3 acres in 
extent and is, for the most part, covered with medium- 
sized boulders. In places, however, these are interrupted, 
leavii^ patches of sandy mud. Running parallel with, 
and close to, low-tide maiii for a distance of about 50 yards, 
is a narrow reef, the top of which just remains uncovered 
at high water of ordinary spring tides. At the southern 
boundary of the area a low cliff or bluff makes an abrupt 
salient in the coast-line. Generally speaking, then, the 
shore is one of mixed physical character and is consequently 
well adapted to showing the chief species of plants and 
animals associated with each of the three types : (i) solid 
rock, (2) boulders, (3) sandy mud. 

The character of the area can be further made out from 
the accompanying illustrations. Plate XVI shows the general 
appearance of the area at low tide and at half-tide ; Fig. 22 
is a plan ; Fig. 23 shows two sections, mutually at right 
angles, taken along the paths indicated by the two dotted 
lines in the chart. The direction of the upper section is 
due north and south, that of the lower one due east and 
west, proceeding from low-tide to high-tide mark in each 
case. 

On the upper section are indicated the names of some 
of the commonest animals at points corresponding as closely 
as possible to those in which they were found. Five 
" positions " are recognised : (i) on weeds, (2) on the upper 
surface of boulders, (3) on the under surbce of boulders, 
(4) under stones resting on the substratum, (5) in the sub- 
stratum. It by no means follows, of course, that an animal 
indicated in any one of these positions does not occur else- 
where. Some animals, indeed, mil be so restricted, but 
others may be found in as many as four out of the five 
positions, or possibly even in all five. Generally speaking, 
however, the mode of occurrence we have indicated for 
a particular species may be regarded as being the most 
typical for that species. The species named form about 
one-halfofthose found in the course of afewhours'collecting. 

An important point to be noted in connection with 
these sections is their trend, relative to the advancing water- 
line. The upper section runs for the most part pttralUI 
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to the line of low-tide mai^ ; consequently, a wdl-matked 
zoning of species is not apparent, tatcept towirds the foot 
of the cliff on the r^t. Thus, there is little difference in 
the composition of the haiu of the portions numbered 
4, 5, and 6, respectively, which were really more or less 
arbitrarily chosen. Zone 3 marks a different physical 
type, sand here taking the place of boulders. On the other 
lund, in the lower, west-to-east, section, this being taken 
at right angles to the line of the advancing tide, zoning is 
much more pronounced. The succession of brown seawMds 
here should be compared with that illustrated on Plate VIII. 
An ecological feature which deserves attention is that the 
zoning on the two sides of the reef, close to low-tide marit, 
repeats exactly that found on the other portion of the shore. 
This is an example of the vertical zoning, as distinct from the 
linear zoning, to which allusion was made on p. 12. With 
regard to the &una, that of zimes 1-3 in the lower profile 
is practically the same as that of i-2 in the ui^>er one ; 
similarly, that of zones 4-5 in tiie lower corre^Mnds approxi- 
mately to that of zone 3 in the upper. The two pn^es 
intersect at a point equivalent to the middle of zone 3 in 
the upper section and the beginning of zone 6 in the lower, 
consequently the list of species is the same in the two cases. 
The student who attempts to cany out for himself a 
survey <^ this type will obtain valuable assistance from the 
paper describing a method for the study of the ecology of 
the sea-shore by Prof. L. A. L. King and Dr. G. S. Russell 
(Proc. Roy. Soc. Edin. XVIII, 1909). 
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Bunodaetu gtmmaeea, reproduction. 



Bm 



263 



!n»al,i37 



Bunodtt, app., reproduction, 262 
Butyeoti, app., reproduction, 272 
uaea of, 301 

Calappa, respiration, 313 

CtJigui, paraiite, 146 

Catuactit paraiitifa, reproduction 

262 
CalUaruuta lubUrranea, reproduc- 

Callioilomti MtMyp/atmt, habitat, 50 



reprodudian, 359, 368 
Conbida;, of ahore, 310 
Carcima bor»alu, aa boat, 134 
Carama tmmai, habitat, 4 

aalinity a '"' 

deatli-f' ' 



- . - .109 
host of Satadtna, 143 
migrations, 174 
feeing, 193 

respirstion, 207, 313-214 
nervous ajntem, 324 
reaction to moisture, 235 

Cwth, 370 
t, 289 
in polluted water, 300 
Cardtum, spp., habitat, 53 
adapdve fum, 73-4 
temperature range, 78 
salinity conditions, 81 
host, 146-7 
locomotion, 173 
fish-feod, 198 
repTodiKlkm, 370 



prey of gulls, 289 
CaruHa ttdeorSffonnu, aalinity con- 

dittona, 83 
Centrtmotiu gumielba, temperature 
range, 79 
can of eggs, 353-4 
spawning, 377 
Cema, spawning, 349 
Cetcarije of periwmUe and whelk, 

. *♦' . J. . 

Ctrtaettt aaranttaea, reproduction, 

362 

Ctrianlha, reaction to gnvity, 

Chelura Urdrratu, borer, 170 
Chondna critpu$, economic aspect. 
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Cirralvbu, ipp., habitat, 49 

avoidance of desiccation, 65 

feeding, iga 

leapiration, aio-i 

reaction to contact, 236 
Ciiripedia, reapuation, 310 

reproduction, 259, 368 
Ciadophora mptttrii, dMcriptitMi, 305 
Claoa tguamata, reproduction, 360 
C&ma eJata, borer, 16S 

damage by, 300 
Qdentera, protective resemblance, 
95 

nerrous ayatem, 120 

reproduction, liSi 
Cmlopafrigida, description, 31a 
CanMia, tpi 
Collembob, I 

description, 309 ' 
Colpomema nnuata, invader, 54 

damage by. 197 
Coma, defenuTC Uaptation, 113 
Conoobtta, aymbiotic, 150 

Mprozoic, 180 
Conoolula paradoxa, power of ad- 

hMion, 69 
Coimoliita nueoffeiuit, reaction to 
tidal rhythm, 239-40 

life<«rcle, 250 
Copepoda, salinity conditions, 82-3 

paraMtic, 145--6 

2S2 



., __.,267 

Cortdtina offiebtaUt, description, 305 
Coratwla, power of adheaion, 68 
Cimphutm lonpeonu, burrowing, 

167 
Corymorpha, behaviour, aai-3 
Coryphdia, spawn, 375 
Corytte* tturivdautaa, respiration, 

313, 216 
CatUu, app. 



e of ems, 3 
t, 377-8 



CradaetU, locomotion, 160 

CroHgoH vulgarii, feeding, 193 
■pawning, 369 
economic aspect, 388 

Cr^idtda, spp., epizoic, 91, 134 
damage by, 300 

Cribrdia iongmnoUtita, reproduction, 
363 

Critia »bumea, epizoic, 87 

Crithonuia pintm, shell conttniction, 



Crustacea, cncruMation, 86, 90 
maakinK, 91 
protective resemblance, 95 



Crustacea, armour, too 

locomotioa, 166-^ 

reapuation, ao6, 313-3 

nervotis system, 334, *qq. 

eyes, 337 

reactioas to contact, 236 

reproductian, 350, 353, 367 

growth, 370 
Cueumaria, reaction to gravity, 339 

respiration, 303 
Cwaanotia, s^wn, 375 
Cyanta aretua, temperature range, 

77 
Cydopids, reproduction, 367 
CyclopUna banpiu, prey, 58 

suckers, 69 

careof eggs, 252, 255 

•pawn, 378 
Cylitta andata, habitat, 52 
CypToa, defensive adaptation, 113 
CypTtta moneta, a* money, 300 
Cypris larvR, 367-8 

Daiekyone, growth, 267 
Decapods, care of eggs, 353 

reproduction, 267, 268-9 
DtHdroathait lacUa, locomotion, 163 
Detilalivm indianontm, uses of, 300 
Diadema, temperature range, 76 
Dutyota, life-cycle, 351 
Diptera, of shore, 310-11 
Diieodorit fragilit, mutotomy, 129 
Dutmmim h^lieum, parasitic, 147 
DolichopodidK, of shore, 310 
Dorids. p«rasitued, 146 

locomotion, 164 

feeding, 194 

spawn. 273, tgq. 
Doru ftamnua, protective resem- 
blance, 97 
Doroadaru papiilata, autotomy, 12? 
Dota cortmata, autotomy, 129 

locomotion, 173 
Dramia, spp., masjdng, 91, 244-s 



Echinoderma, protective ai 
107 



r,ioi 



autotomy and regeneration, 

134, »«- 
locomotion, 156-7 
feeding, 190 
nervoua syttem, 333-3 
',347 



reproduction, 363 
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p«dicclbiue, 88-9 

pWMitlMd, IM 

food, 388 

EeMimu mUrobAtraJatut, habitat, 

Bckam* adMritj puuitiMd, 133 
Blyiia, locoawtwn, 164 
Am6 dvMcau, buninrinc, 167 
BnttnmerpkOfapp., nlmity tett, 79 

•holBnDg Copcpods, 83 

dt riptl oa, 305 
B^tomoitraea, farnltonm, 367 
BudaiJnnm, trajutm, 333 
&iLilia vlridti^ lubitBt, 67 

protective colanition, 95 
Etaic*, wpp., rqwoduetioD, 365 
Eupagunu, q>p., umoiu, 103-4 

invader, lit 

coaaoMOMl, 136 

•hdl adectioo, 134, 343-4 

Faetlma, tpawn, 375 

Fiailma, rqiroductioo, 358 

PuturtUa, ten^Mrature range, 76 
reepiratum, 309 
reproductioD, 370 

Fbatra, adaptive tawta, 70 

Ponuniiufera, abell conatnictioii, 
343-3 

Puaa, app., ecanonuc aapcct, 394 
MTTotiit, deacriptiaa, 305 
platyearpiu, docriptimi, 307 
f wricW ww, deKriptko, 303 

Pulgur, tpawo, 373-3 



locomotion, 154, 167 



reproduction, 368 
Gahina, tpp., autotomy, 139 
*pa«n, 374 
grotrdi, 376 



iwning, 65 
. app., habitat, 49, 56, 61 
additive fmn, 70 



Gaateropoda, power of adheaion, 67 
protective rcaemblance, 97-8 
■pinea, functioa ef, 113 
locomotion, 159, 163-3 
feeding, 194 
eyes, 338 
^Mwn, 346 
reproduction, 271, 199, 



GotUrotMw, ipp., ncst-buildii 

GaittrottOMdMI, app., paiaaitic, 14 
CMuMHw pi^iiatpr, loooaaotton, i 
reapiratioo, 3d8 

CMdkM, (pp., < 




Gobbu, *pp., MMSt, 51 
aiKaen of, 69 
temperature rangei 79 



feeding, 197 

■pawning, 379 
Gotio^^rma, reproduction, 361 
GrOHtia eoii^r*tta, reproductioa, 360 
Gn^mu, tfp., autotomy, 133 

locomotion, 155 

reapiration, a^ 
Gymmtphallm margaritm, puratitic, 
J47 

HahehomMa pame*a, faabitat, 49 
adaptive form, 70 
repioductiaa, 35S, 360 
HaUJr^t tJK^uata, deacription, 303 
Ht£otu, Mlmity cooditiana, 81 



tenae organ*, 338 
reproduction, 370 
economic aspect, 387 
HoUAqU*, app., adaptation, 309 



^iatmom, autotomy, 139 



.136 



•pp.. 



Harpaetietu, aolinity oonditiona, 83-3 

repioduetkin, 367 
Htleion pdbiaduM, habitat, 49 
Htrmaa, app., protective resem- 
blance, 97 
Hete r one i e i a, 364 
HtUrctrithu* rattrata, neat-building, 

3S7 
HexactineUida, lepraductton, 35S 
HUdtnbnaidtia, epizoic, 134 
Hinutnthatia and Convobita, 150 

deecription, 305 
Hippotylt variaK, reaction to light, 
334,340 
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Hyat, nuukinB, 91 
tfydra, reproductkia, 361 
Hydractima tdmata, commenMl, 

13s 
Hydrobia, FC^ttnce to desiccatioii, 

^^. . 
reproduction, 370 
Hydroidtt monMgiea, growth, 267 
HydroxM, nenmu lyslein, 331 

reproduction, a6»-i 
HymemtuidoH canputda, habitat, 49 
aymemetra, protective rcMmbluice, 

96 
Hyp(^hordla, epixoic, 86 

laiuUna, dye-yield, 387 
Icthyonana grayi, parasitic, 149 
Idotea, habitat, 57 
Inachut, masking, 91— i, 133 
Itopoda, app., care of eggs, 353 
reproduction, 369 

Jonmna, protective leaemblance, 97 
spawn, 375 

Kdiia, habitat, 49 



L^ralia foUaeta, aODrdiog ahelter. 



r,Bpp„ 



'MS, 



Lafaa dupoli a m, epiioic, 
Lagi* kortm, tube, 103 
Lagitca *xtamata, autotomy, 139 
Lam^Hdoris, app., protective resem- 
bluKe, 97 
tpawn. 274-5 
nana, app, 47 
buna of, 49, 50, 86 
ccofUHnic aapect, 394, 297 
description, 30^, 3C5 
Laniee conchUaga, habitat, 49 
Latma rubra, resistance to deticca- 

Laarauia pimatilida, aa food, 393 
LeoMbr, app., autotomy, 118 

c aapect, 388 

artwWwacgioiitf, spawn, 378 
Laptopkthana pecloraUi, parasitic, 



LeiieotoUma botryaidn, reproduction, 

3S»-9 
Lturathtntt tevat, life-cycle, 350 
LuJumoIgm agUii, puaaite, 146 
Ligia, (pp., habitat, 49 

Boaptation, 70 

locomotion, 155 

gills, 301 

spawn, 370 
Lmapontia nigra, locomotion, 173 
Laimona Ugrmrum, borer, 170 
Limului polyphtma, temperature 

Uitekia nui^nra, autoUroy and 
regeneration, 124, 136 

Liium, ipp., habitat, 49 
feeding, 191 

Liparit, auckers, 69 

lApura, description, 309 

Ltriope, repriMuction, 361 

IMhothammon, adaptive form, 70 

Uttorina, spp., habitat, 49, jo, 57 
invader, 55 

resistance to desiccation, 63 
protective reseoiblaiice, 97--8 
panudaed, 147 
locomotioD, 163 
respiration, 307, 309 
reaction to ligh^ 333 
reaction to tidal rhythm, 340 
reproduction, 349, 357, 359, 

a7«irW- 
economic aspect, 384, iqq. 
in polluted water, 300 

MaehUit maritima, habitat, 309 
Macoma baliMea, habitat, 52 
Ma^omym, reaction to hffA, 334 
Maetra, eye, 339 
Kfalacoatraa, larval forms, 367 
Afora^sUi) tpiraHs, ahcll construc- 

ticHi, 343 
Megalopa stage, 367, 369 
Mdtra^, habitat, 51 
Melia UUeUata, commenaalism, 1 37 
Mdibt, feeding, 194 
Mdobma, adaptive form, 70 
Mtmbrwi^a, salinity conditiona, 

adaptive form, 70 
^wn margimitim, lo 

iS9-6« 
reproduction, 263 
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Modiolaria, cotnmeoMl, 135 

loMHUotiaa, 173 
MolguUi, habitat, 57 
MoQuaca, armour, too 

adductor muscles, 109-10 

nervous tjttaa, 237-8 

reproduction, 170 
Momtdonta cratta, habitat, 49-51 
MomtriUa Mgoltaidita, paiautic, 

Mottila muittia, (pawning, 280 
Mumda rtvoM, respiration, 214 
Murex, dcfenaive aBaptatim, iii 

reapiratiao, 209 

■pawn, 349 



NUomaelAi, tube, 102 
Nudibranchiata, app., protective 
reaemblance, 96 

locranotion, 164, 173 

■pawn, 24Jb, 374 

reproduction, 371, iK'i 379 



c(w-yield, 287 
Mya, app., habitat, s'i 



57 



Mym staDC, 367, 369 
Myat vulgam, Iwbitat, 56 
Mytilut tdulit, habitat, 49, 56-7 

■alinity conditions, 81 

epizoic, 134 

commensBl, 136 

Knuitised, 144, tgq. 
wmotion, is8, 176 
larvK, 348 
reptoductioD, 370 
ecoiM>miG aspect, 384, igq. 
bait, 389 
Myxitola, tube, loa 

Natta, spp., burrowing, 73 

defensive adaptation, no, ii> 

feeding, 1^5 

reproduction, 370, 373 
Natiea, spp., burrowing, 73 

feedins, 195 

reproduction, 370, 372-3 
NaupUua stage, 267-8 
NebaUa htpti, habitat, 49 
Nematods, jparasites, 141-3, 149 
Nemertea, feeding, 191 
Nirml^tu fucata, commensal, 135, 

136 
Ntrtb, spp., habitat, 49 

resistance to desiccstion, 64 

feeding, iga 

nervous system, 334-5 

reaction to contact, 336 

reproduction, 363, 364-$ 

bait, 289 
Ntritina, spp., death-feigning, 94 

reproduction, 370 



I3S 

j feeding, 193 

I Ocypoda artnaria, respiration, 208-9 

I development, 270 

I OtUnUmtia rimidet, paraaitic, 133 

I OirocUo b^icata, uses of, 301 

Omu mtttfrfa, feeding, 196 
! Ophdia, spp., reproduction, 363, 

I Ophioactu tovm, autotomy, 125 
I Ophiocoma, vp., autotomy and 

regeneration, 135 
1 Ophtodtrma, autotomy, 125 
I Ophnglypha, 57, autotomy, 125 
, (^Uomyxa, autotomy, 135 
I Orchatia, habitat, 49 

locomotiaii, 171 
: OtcanUa, ad^tjve fonn, 70 

reproduction, 258 
'• OttrtKi aduUi, salini^ conditions, 8t 

spawning, 276 

ecoitomic aspect, 384, tqn. 

Packydttma craaatdJofdet, uses of, 

301 
Packymatitma, contractility, 319 
PaLmon, growth, 370 

reaction to light, 234 
PaUnurm, spp., reproduction, 269 
Paludairina ttagmdu, habiat, 51 

resistance to desiccation, 63 
Pand ■ 



388 

Parth*iiope, spp., protective resem- 
blance, 95 

Paldla, spp., habitat, 49 

power of adhesion, 67 
adaptive form, 70-1 
aalinitjt conditiona, 81 
migration, 176-7 
reproduction, 370 
economic aspect, 287 
in polluted water, 300 

Ptettn, spp., habitat, 49 

Bshnity conditions, 81 
defensive adaptation, in 
locomotioa, 165 
eye, 239 
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Peetinaria, feodjng, 193 

retpiiation, 310 
Ptttuncuba, eye, 339 
Pellogtuur pafpiri, parasitic, 135, 143 
PtlvMa, descriptMn, 30^ 
Ptriophtiudmut, teapiraticin, 306-7 
Phaloida mmtula, habitat, 49 
PhUxM, burrowing, 73 

reproduction, 271 
Phdat daetylui, borer, 168 
PkyUodoce, apawn, 346 

reproductioii, 263, 365 
Pb^loaoma larvs, 367. 369 
Pmutthera pititm, paraaitic, 144-5 
Platuria dioica, power of adhesion, 

69 
PUurobraiiehm, pwasitiaed, 149 
PUurodona, power of adbeaioa, 68 
PUaronacta, spp., parasitiaed, 146 

feeding, 197 

reproduction, 359 

economic aapect, 28^ 
Plototut OMgtuUara, coloiation, 99 
Pbamilaria, reproduction, 161 
Pothetropha, comroenaal, 133 
Podurids, locomotion, 171 
Polyetra quadriHtitaU, apawn, 374 
PolychBta (tet alto AnneUda), re- 
- ' ■ ■-- 6a, 



habitat, 49, 50, 51, 67, 168 
briatlea, iot-3 
reapiration, 304, 31 1 



repioductioa and growth, 
3S7, 3S9, 363, igq. 
Pofyamu tmranttaaa, colontion, 
98-9 



growth, 367 

Of, commensal 

reproduction, 267 

ono, app., adapti — 

death-feigning, ; 



Poreellana, app., adaptive form, 70 
death-feigning, 94 
protective reaembumce, 96 



commensal, 135 
reapiration, 313 
reproduction, 368 
Forifera, spicules, lot 
contractility, 319 
■ ■ 358 



Porphyra, aftp.^ aa food, 393 
description, 307 

Portamu, spp., bunowing, 73 
locomotion, 164-5 



ProeUMOtw, autotomr, i39 

Frotoioaca uuva, 369 

Piammobia tdHtulla , adaptive form, 

'3-4 ^ ^. 
Purpura, app., habitat, 49 

adaptive form, 71 

salinity conditions, 81 

feeding, 195 

spawn, 373-3 

tlye-yield, 287 

damage by, 300 
Pycoogonida, looHnotion, 155-6 

care of eggs, 353 
PytodUUt mienH, tube, 104 

Bhodymtma pabuata, economic as- 
i pe«. 393 

I description, 307 

' Jlinoa, spp., habitat, 57 
locomotian, 173-3 
reproduction, 270 
Boitanga eocatua, protective resem- 
blance, 97 
SoittUaria, app., locomotion, 173 
Runeuta hancocid, protective itsem- 
blance, 96-7 
locomotion, 173 

Sabdia, feeding, 192 

respiratwn, 310 

growth, 367 
SiAdlaria, grottos of, 67, 103 

fe«duig, 193 
Saeeonerm, reproduction, 363 
SaeeuUna, spp., parasitic, 143-4 

reproduction, 368 
SagoTtia, spp., commenaal, 135, 137 

reproduction, 263-3 
SarcophaginK, of shore, 310 
Saxkava rugoia, habitat, 49 

borer, 67, 168 
Saxidomut arata, uses of, 301 
Scalaria, defensive adaptation, iii 
Seoloplot ttmager, reproductioa, 366 
Sconibtr, economic aspect, 283 
Serobiailaria, habitat, 57 

economic aspect, 387 
Seyphidia Uuorina, commensal, 138 
SepMa atlantita , host, 149 
S»puta, feeding, 193 

growth, 367 
Stnamu, commensal, 135 
Strtularia, parasitised, 9j 

reproduction, 361 
Sitalim, nervous syatem, 335 
Sitiua planorbU, locomotion, 173 
Solattfr pappotut, sight-aense, 333 
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Soten, Bpp., adaptive Conn, 74 
panaitited, 148 
locanMtioa, 167 
nervou* ayitem, »6 

ecooomic aapect, u? 
S^trMM MctiUm, panuitic, 147 
^io, repToduction, 366 
Sfingri^m tpalianxam, txvptiai, 

»3* 
Spirorbu, habitat, 49 

cpUoic, IJ4 

repcoductUMl, 264 
Spoiig*&ifragilu, habitat, 44 
Spotiilla, tempenture nnge, 7? 

reproduction, 358 
Sttnorkynehit, feediac, 193 
Stitattlau boa, habitat, ^ 
Suraatopoda, reproduction, 367 
Strvmbui bdmamu, invader, 54 
Strongj^oetittnu Utiidm, in combat, 

107 
Slyloldla, contractility, 319 
SvbtriUt dommada 
135. 136 

nutrition, 186 



Syeon, app., habitat, 49 

luvs, 34? 

reproduction, 360 
S^lidn, Klf-divition, 136 

Rproductim, 364 
Synaptidje, idf-dintion, laS 

Talitna Uaala, habitat, 49, 53 
temperature range, 79 
loccifnotion, 167, 171 

Tatorehutia hmgieormt, locomotion. 






i«6 

TapM ptdlatlra, adaptivt 
T^Ha erattieomt, mati' ' 

behaviour, 331 
TtchnUtta, ibell conttruction, 343 
Tectariut, habitat, 51 
THHna, app., habitat, 52 

taUnity conditiona, 81 

fiah-food, ig$ 
TtT^tdia, app., tube, 103, 341 

r^>roduction, 364 



. ~ ~»_». .~ »Mi', reproductkn , 264 

Terttrripora, txnaoK, 86 
Ttredo, app-, boren, 169-70 

talimty cooditioii*, 83 
Ttrg^a dupitOa, autotamy, 119 

apavn, 374 
raft-drhyiieAw, aymbiotic, 149 
Thytanura, of aea>«lKnc, 309 
Trematoda, paraaitic, i4!6, iff. 
Tritkdla, episoic, 86 
TVttoM, regencntiMi, 115 
THtirma pltbma, piotectire maa- 
btance, 96 

feeding, 194 
Treehieola tnttrica, parMitic, 146 
Trodtoti emuatut, defbnaiTC an^ita- 

Tnchut, tpp., boat, 146 
M^nratian, 309 
aenae organa, 338 
reproduction, 370 

Tub^txbtn^eta, h^tat, 49 
Ttibiilaria, *pp., behaviour, 333 

reaction to CMitact, 336 

reproduction, 360 
Turbellaria, paw ot adbeaion, 69 

locomotioa, 159, 16 1-3 
Tmhmdla rapa, vadiMic aipcct, 301 
TifphU tetrt^Unu, defenaiTe adapta- 



Uha, app., growth conditioni, 45 



leacription, 1 
n polluted n 



- . . ..,..., rmroducticHi, 349 
Zoochlotelto, tfmbiotic, 150 
Zocea, larva, 367, 369 
Zooxanthelbe, a^nbiotic, 150 
Zoiura, app., economic aspect, 291, 



Z7gobran< 



imati 



respiration, 309 
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Adhesion, powers of, 67, tgq- 

Agai-agar, 293 

Armour, protective, 100, in- 
borrowed, i03'-4 

AMOCUtioiu, animal, 3, iqq., 48, iqq„ 
13a, tqq. 
of jetMun, 53, 309 
plant, 5, 4'j »M- 

Attack, methoda, 85, tqq. 

Autotom^, 117, tqq., 130 

Avicularium, tunctioD, 87 

Bacihua, in sea-water, 187 
Behaviour, 3a9> (94- 
Boicra, rock, 16S 
wood, 169 
Burrowert, 73, tqq. 

Carraobbn moaa, 393, 307 
Cattiation, pansitic, 143-4 
Coidoblaat, loj, 331 
Coloration, protective, 95, f^- 

warning, 9S-9 
CommenMlimn, 5, 93, >3«. I3S. »«• 
Currents, dicpenal by, 53 

DSATB-FBIONINO, 93-4 

Defence, metboda, 85, tqq. 
Deaiccation, reaiatance by shore 

forma, 63, iqq. 
Drowning, resistance by shore forms, 

«S 
Dulse, 393 
Dye iModucts, 387 

EcoLOOT defined, i, tqq. 
Ecological aucceaaion, s6 
Economic aspecta of ^ore life, 383, 

tqg. 
Ectopaiaaitic fonns, 140, 155 
Eggi, care of, 35a 
Endoparasitic fbitns, 140, 15a 
Epixoic foiraSj 86, tqq. 
Evolution of life, 15, tqq. 



Fadna, ahore, lonal d as ri fi catJMis, 
e, tqq., 13, «99., 33, tqq., 
40. SO. *«• 
enumcratioa of, 47 

Gills, position and function of, 301, 

l«., 313 
Granny ciab, 90 
Gravitv, reactten to, 337-8 
Growtb, 358, tqq 

Habitat, terrettria], 7 

aerial, 7 

aquatic, 8 
HcTtm, 390 
Hiding, 93 
Homing sense, 176-7 
Hypnosis, 93-4 

iNvrtNcnvB behaviour, 341, tqq, 
Inaecta of shore, 308, iqg. 
Iodine, 396 



Lauvjb, petagtc, of shore forms, 

347. *W- 
Laver, 393, 3»7 . , 
Life, origw and evolution of, ts, tqq. 
Light, reactions to, 25, 230, tqq. 



Mnmnau. \ 



'. of 



»«4. 



Moisture, reaction to, 334 
Movements (locomotion) animal, 

IS3, •«. 
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Nbmatoctst, nmction, 105, t^g. 
Ncrvoiu flTrttm, developmeat, 317, 

Ne*t-buiUins. 355 
Nutritiaa of nwrin 

I^anta, iSo, «ot. 

marine uutoua, 183, tqq. 

•bore orfaoinna, 188 

•bore uumab, 190, iqq, 

Orocnr, function, aas, 236 

Palolo worm*, 365 
Paruitic cbain, 144 
Parautiain, 5, 133, iqq., 139, tqq. 
Pearb, formation of, 148 
Pedicellarite, function, 88, 107, $qq., 

191,234 
Pcriaon deWcea, animal, 105, tgg. 



Protective rcaemblaoce, 94, iqq, 

Raduui (of gaateropoda), function, 

RegeneratioD, power of, ijs-6, hi. 

Reproduction, 246, *H' 

adaptive pbenomcoa, 348 
Retpirttion of abon animals, 300, 






SALomr, variatioa, effect*, 79. *n- 
Sapropbytee, 180 
Scavenger*, aea, 1S9, 191 



Sea-witer, compoaition of, ai, igq. 
tSiet oa, of vegetation, 24 
of li^t, 25 

of tempenture, 25, 75, *gg> 
freezing of, 26 
circulation of (Britiih), 31 
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oemte . 

.298-9 

Seaweeda ; $*t AlgK (Index of 
Name*), 
manurial use, 294, sqq. 
Self-eviaceration, 127-8 
Sewage, eSecta, 298-9 
Siphont (of molluict), function, 312 
Sloke, 293 
Spawning, 246, iqq. 
Statocyit, function, 225 
Struggle for cziaeenee, 53, tqq. 
Survejring, tbore, method Of, sia, 

Symbiotu, 5, 133, iqq., 149-50 

TsMPERATuitB of sea-water, 25 

variation, effects, 75, iqq. 
Tides, tbe, causation and efieet, 27, 

Trepeng,28S 
Tropisnu, 231 
TuMi, construction, 102-3, 24i> *99> 

Vbcetation (marine) and alkalinitr, 



Wampum, 300 

Wave action, effect on sbwe, 33, tgf- 

Wave-impact, eSect on sbore form*, 

66, tqq. 
Weapons, animal, 105, tqq. 

ZoNn of marine habitat, 8, tqq. 

particular dasaifications of, 
13, iqq., 35, «K', 40. 30, 
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